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With regard to the language, the international search was carried out on the basis of the intemational application in the 
language in which it was filed, unless otherwise indicated under this item. 
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the international search was carried out on the basis of a translation of the intemational application furnished to this 
Authority (Rule 23.1(b)). 


With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the intemational search 
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filed together with the international application in computer readable form, 
furnished subsequently to this Authority in written form, 
furnished subsequently to this Authority in computer readble form. 

the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
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I I Certain claims were found unsearchable (See Box I). 
[X] Unity of invention is lacking (see Box II). 


4. With regard to the title, 

I X I the text is approved as submitted by the applicant. 

I I the text has been established by this Authority to read as follows: 


5. With regard to the abstract, 

I X I the text is approved as submitted by the applicant. 

[~] the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box III. The applicant may, 
' — ' within one month from the date of mailing of this intemational search report, submit comments to this Authority. 

6. The figure of the drawings to be published with the abstract is Figure No. XZ 


Pn as suggested by the applicant. None of the figures. 

[ I because the applicant failed to suggest a figure. 

I I because this figure better characterizes the invention. 
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Apparatus for inspection of matter with folding mirrors 
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Inspection of matter with emitted beam scanning 
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(57) Abstract: The present invention relates to 
a method and apparatus for separating undesired 
toxic metals, such as Zn, Pb and Cd, from 
iron-containing materials by: sintering a mixture 
of such materials (typically including EAF dust 
and mill scale) with carbonaceous particles to 
form sturdy sinter lumps; preheating such lumps 
in a non-reducing atmosphere, if needed, to 
achieve an elevated temperature generally above 
the vaporization temperature of the imdesired 
metals, but below the sticking temperature of 
said iron-containing lumps (which is typically 
below the vaporization temperatures of such 
undesired metals in their oxide form), feeding 
the lumps at such elevated temperature into 
a reduction reactor; flowing hot reducing gas 
through said lumps to volatilize said imdesired 
reduced metals and carry the volatilized 
metals out of said reduction reactor leaving the 
iron-containing lumps largely stripped of the 
undesired metals and ready for discharge and 
safe and/or useful disposal or re-use, and finally 
cooling the off gas from the reactor to separate 
out the resulting solidified unwanted metals 
(typically in their oxide form resulting from a 
water quench cooling). 
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This intemaiional report has not been established in respect of certain claims under Article I7(2)(a) for ihe followii 


ing reasons: 
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Claims Nos.; 

because they relate to subject mancr not required to be searched by this Authority, namely: 
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Claims Nos- 


because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out, specifically: 


3. I I Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 


Box H Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 


This Intemaiional Searching Authority found multiple inventions in this international application, as follows: 
Please See Extra Sheet. 


1. Q As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 
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2. Q As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
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As only some of the required additional search fees were timely paid by the applicant, this international search report covers 
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fxl required additional search fees were timely paid by the applicant. Consequently, this international search report 
^ restricted to the invention first mentioned in the claims: it is covered by claims Nos.: 


Remark on Protest Q The additional search fees were accompanied by the applicant's protest. 

I I No protest accompanied the payment of additional search fees. 
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Published 

Without intemationai search report and to be republished 
upon receipt of that report. 


(54) TiUe: INSPECTION OF MATTER 

(57) Abstract 

Apparatus for automatically 
inspecting a stream of matter com- 
prises lamps (38) which emit a de- 
tection medium, such as IR or visi- 
ble light, to be active at the matter, a 
rotary polygonal mirror (19) which 
receives from a multiplicity of de- 
tection zones Z at the matter detec- 
tion medium which has been varied 
by variations in the matter, an op- 
tional detection device (22) which 
receives the varied medium by re- 
flection from the mirror (19), to de- 
tect a plurality of wavelengths of 
the varied meditnn substantially si- 
multaneously, and to generate de- 
tection data in respect of that plu- 
ral i^ of wavelengths substantially 
simultaneously and in dependence 
upon the variations in the medium, 
and a microprocessor (26) which 
obtains the detection data from the 
device (22). The beams B of the 
varied medium which are received 
at the device (22) and emanate from 
the z nes Z trav 1 alone respective 
paths from the matter to the mir- 
ror (19) which paths converge con- 
tinuously with respect to each other 
from the matter to the mirror (19). 
Those paths may extend to the mirror ( 1 9) indirectly by way of at least one planar minrar (80), or directly to the mirror ( 1 9). i n which latter 
case the axis of the mirror (19) would be substantially parallel to the direction D of advance of the matter. 
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INSPgCTIQW OF HOLTmi 

This invention relates to automatically inspecting 
matter, for example automatic inspection and sorting of 
discrete objects of differing compositions, e.g. waste 
5 objects, or automatic inspection of sheet material, which may- 
be in the form of a strip, for surface layer composition, 
e.g. surface layer thickness. 

With the recent focus on collection and recycling of 
waste, the cost effectiveness of waste sorting has become an 
10 essential economic parameter. 

in the "Dual System" in Gerinany all recyclable 
"non-biological" packaging waste excluding glass containers 
and newsprint is collected and sorted in more than 3 00 
sorting plants. . 
15 Objects can be sorted on the basis of:- 

Size 

Dens i ty /weight 

Metal content (using eddy current effect) 
Ferrous metal content (using magnetic separation) 
20 but most objects such as plastics bottles and beverage 

cartons are still today sorted out manually to a considerable 
extent . Some beverage cartons contain an aluminium barrier 
and by eddy current induction they can be expelled from the 
waste stream. Generally, beverage cartons in their simpler 
form present a composite object consisting of paperboard with 
polymer overcoats on both their inside and outside surfaces. 

Several sorting systems exist today that can sort a 
number of different plastics bottles/objects from each other 
when they arrive sequentially (i.e. one -by- one ). The 
detection is basiad on reflected infrared spectrum analysis. 
To separate the various polymers a cjuite elaborate variance 
analysis is performed and thus detection systems become 
expensive. The objects being £ed sequentially pass beneath 
the infrared spectral detector whereby infrared is shone onto 
35 the objects and the relative intensities of selected 
wavelengths of the infrared radiation reflected are used to 
detenoine the particular plastics compound of the plastics 
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15 


passing beneath the detection head. Downstream of the 
detection head are a number of air jets which blow the 
individual plasties objects into respective bins depending 
upon the plastics which constitutes the majority of the 
object. 

A similar system is disclosed in DS-A-5. 134, 291 in 
which, although the objects to be sorted can be made of any 
material, e.g. metals, paper, plastics or any combination 
thereof, it is critical that at least some of the objects be 
made predominantly from PET (polyethylene terephthalate) and 
PS (polystyrene) as well as predominantly from at least two 
of PVC (polyvinyl chloride) . PE (polyethylene) and PP 
(polypropylene), for example objects including: an object 
made predominantly from pet, an object made predominantly 
from PS, an object made predominantly from PVC and an object 
made predominantly from PE. a source of NIR (Near Infra 
Red) . preferably a tungsten lairqp, radiates NlR onto a 
conveyor sequentially advancing the objects, which reflect 
the NIR into a detector in the form of a scanning grating NIR 
spectrometer or a diode array NIR spectrometer. The detector 
is connected to a digital computer connected to a series of 
solenoid valves controlling a row of air-actuated pushers 
arxranged along the conveyor opposite a row of transverse 
conveyors. The diffuse reflectance of the irradiated 
25 objects £n the NIR region is measured to identify the 
particular plastics of each object and the appropriate 
solenoid valve and thus pusher are operated to direct that 
object laterally from the conveyor onto the appropriate 
transverse conveyor. The computer can manipulate data in the 
30 form of discrete wavelength measurements and in the form of 
spectra. A measurement at one wavelength can be ratioed to 
a measurement at another wavelength. Preferably, however, 
the data is manipulated in the form of spectra and the 
spectra manipulated, by analogue signal processing and 
35 digital pattern recognition, to make the differences more 
apparent and the resulting identification more reliable. 

DB-A-4312915 discloses the separation of plastics. 
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particularly of. plastics waste, into separate types, on the 
basis of the fact that some types of plastics have 
characteristic IR spectra. In the IR spectroscopic procedure, 
the intensity of diffusely reflected radiation from each 
sample is measured on a discrete number of NIR wavelengths 
simultaneously and the intensities measured sore con5)ared/ 
Measurements are taken on wavelengths at which the respective 
types of plastics produce the minimum intensities of 
reflected radiation. If, for example, three different 
plastics are to toe separated, each sample is measured on 
three wavelengths eimultsaieously, whereby one type of 
plastics is identified in a first comparison of the intensity 
of the reflected radiation on the lowest wavelength with that 
of the second-lowest wavelength and the other two types of 
plastic are determined in a second con^arison of the greater 
intensity on one wavelength in the first corr^iarison with the 
intensity on the third wavelength- To measure the light on 
particular wavelengths, respective detectors can have narrow 
band pass filters for the respective requisite wavelengths, 
and respective constituent cables of a split optical fibre 
cable are allocated to the respective detectors, the cable 
entry lying in the beam path of a lens for detecting the 
light reflected from the sample. Alternatively, a light 
dispersing element, e,g. a prism or grid, is placed in the 
beam path after the lens and several detectors are arranged 
to detect the NIR of the requisite wavelengths. Sorting 
facilities are controlled by utilising the detection data 
obtained by the comparisons. As a further example, five 
differing plastics, namely PA (polyamide) , PE, PS, pp and 
30 PETP, may be separated, utilising measurement points at 
five differing wavelengths between iSOOnm. and iSOOnm. 

EP-A-55773 8 discloses an automatic sorting method with 
substance- specific separation of differing plastics 
components, particularly from domestic and industrial waste. 
35 In the method, light is radiated onto the plastics 
con5>onents, or the plastics components are heated to above 
room temperature, light emitted by the plastics components 
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and/or light allowed through them (in an e«4K,diinent in which 
light tranatoitted through the cornponentB and through a belt 
conveying them is measured) is received on selected IR 
wavelengths, and the material of the respective plastics 
con^onents is identified from differences in intensity 
(contrast) between the light emitted and/or absorbed 
measured on at least two differing wavelengths . The light 
emxtted or allowed through is received by a camera which 
reproduces it on a detector through a lens. A one -dimensional 
ixne detector is usable, although a two-dimensional matrix 
detector or a one-element detector with a scanning facility 
can be employed, in order that the camera may receive the 
ixght on selected IR wavelengths, interference filters may be 
mounted either in f^„t of the light source or in fron^of 
the lens or the detector, in an exan5,le in which the material 
of the plastics components is identified from the differences 
xn intensity of emitted light at two differing wavelengths, 
the wavelengths are chosen to produce maximum contrast This 
n^ans that one wavelength is selected so that maximum 
Intensity of the emitted light is obtained at a specified 
viewing angle, whereas the other wavelength is selected bo 
that minimum intensity is obtained at that viewing angle 
Changing of wavelengths may be achieved by mounting the 
filters on a rotating disc, with the frequency of rotation 
being synchronised with the imaging frequency of the 
detector. Alternatively, an electrically triggered, tunable 
optical filter may be employed. The electrical signals 
generated by the detector are fed to an electronic signal 
processor, digitised, and subsequently evaluated by image 
processing software. it is ensured that the plastics 
components are at approximately the- same temperature at the 
time Of imaging, as differences in contrast can also be 
caused by temperature differences. The belt should consist of 
a material which guarantees constant contrast on individual 
35 wavelengths . 

There is also previously Jcnown a system in which 
xnfrared spectral detection is performed from below the 
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objects. With the objects passing sequentially over a bole up 
re":fL""^"^^; XK is ciirected. .^ain, the .^^tLZ 
reflected xs used to sort the objects according to the 
varxous plastics within the respective objects 

US-A-5260S76 and I7S-A-5339962 disclose a method and 
apparatus for distinguishing and separating material it^ 

"Icrro^^^^^^^^ - Penetratl^ 

electromagnetxc radxatxon by utilising a source of radiation 
for xrradxating an irradiation zone extending transversely of 
a feed path over which the material ite»s are fed or se^ 
21 includes a plurality of transversely 

f™ th f receiving the radiation ^eaJ 

from the radiation Source, the detectors receiving the 
radiation substantially on a direct line from the source The 
15 materxal items pass through the irradiation zone between th^ 
radxatxon source and the detectors and the detectors measure 
one or^ more of the transmitted beams in each item passing 
through the irradiation .one to produce processing signals 
whxch are analysed by signal analysers to produce signals for 
20 actuating a separator device in order to discharge the 
xrradxated items toward different locations depending upon 
the level of radiation absorption in each of the items The 
dxsclosure states that mixtures containing metals, plastics, 
textiles, paper and/or other such waste materials can be 
25 separated Since penetrating electromagnetic radiation 
typxcally passes through the items of different materials to 
al!^L T'^"""' """"^""^ t.he separation of 

oaas! natures containing such cans 

30 T separation of chlorinated 

30 plastxcs from a municipal solid waste mixture. The source of 
penetrating radiation may be an X-ray source, a microwave 
source, a radioactive substance which emits gamma rays, or a 

Of material xtems which are disclosed as having Zen 
»5 successfully separated are recyclable plastic containers 
such as polyester containers and polyvinyl chloride Pvcj 
contaxners, which were separated using x-rays. wo-A-95/.03i39 
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discloses a simiiaT- 

containers by colour Plasties 

oy permanent tnagnets contained 
dlstrlbueed along the roller ana counter .^^!?„ 
the sense c£ rotation oz the ^""^^ " 

.0 ^talXio objects to varying 0«3ree, ^ena^L^\" 
-na tte conductivity of the ™atal oT^ 
»atax.ic oh,e„a in ^^^^ t''^:^,,'^ 

^can^le post.co„.u»er packaging cartons o£ .^ti;„ft! 

Another known system uses an electromagnetic fi^in ^ 

uae^To oUroTri" ,r :re:tir ^= 

oh,ect« are c^s^ ^^ZT ^T^LTl^: 
Single lines. one atter another in 

25 ins.err'"""^"'"' ^ system .or automatically 

25 xnspectxng matter for varying composition and comprisi^r^ 
or more detection stations through which on. J*^^^^*"^ one 

aay, and/or throucrh their- -u.= ^^=*.- «»peccra, if 

30 .ieia hy their ^tSxic ^Trtr^irr aT' 

multiplicity Of deteotll, ™^ . ""^ version, a 

distributed in a ttral=hr, --P-esented by lenses are 

it passer ^r ^"^ b^lo- t*. stream as 

iL,^!! , transverse slot through a downwardlv 

^1^ Plate at the do»astream end of a conveyor b^ ^th 

3S a separate light source for each lens, optical ^^res 
l:r«.smxt the IR from the respective lenses to t rot^! 
scaz^er whence a diffuser shine, the ir onto infr-^^ed .It^s 
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a^ead o£ a.M=«.s deaicac«i M respeccive wavelengths 
data output Of Which i= utilised i„ controlling fiT^ 3" 
ol^r'l:^ -pa«ta-out desi^d portions of the strean,. in 
other versxona. a row of light source aistril«.tad across the 
s overall width of one or more ^elt conveyors n^y cause^^i^^ 
portions Of the stream at detection points distrihutef"^ 

IZ.T°". f " -^-"-^ 1^3»t diffusely onto a 

part-toroxdal mirror extending over that overall width 
Whence the light is reflected, by a rotating, polygo^i 
10 mirror through optical filters dedicated to differi^^R 

utirir^r"^'' data output of whic^ is 

utilised in controlling solenoid valve, operating air let 
^..les Which separate-out the de.ired portion^ 
IS ^TJr"^7^' " additionally, eh oscillator and an^:^ 

electromagnetic field through the belt and sensing coils 
sense variations therein produced by metallic portion, of the 
stream passing through the detection station and the 
detection data produced by the sensing colls is used to 
« control the solenoid valveb operating the nobles to 
s.p«rate-out the metallic portion.. In a further version, the 
rotating, polygonal mirrors are retained and the part- 
toroidal mirror may be replaced by a mirror comprised of a 
series of facets or very small mirrors in a horizontal row 
transverse to the stream, which in this version is a laminate 
comprised of paperboard onto which a polymer ha. bee! 
extruded The detection points are arranged in a straight r^ 
across the laminate. ^ 

30 devicr:l'""'r''l - surface-flaw inspection 

3 0 devxce equipped with nn^tiple camera u^its arranged one after 
another widthwise of matter to ^e inspected, in the fo^ :f 
a zxnc-alloy-plated steel plate. Each camera unit 
incorporates at least two light -receiving cameras which 
Observe the plate under differing optical conditions . ^e 
35 devxce also includes a processing section which determines 
the presence or absence of a surface flaw at each position in 
the wxdth direction of the plate, hased on the obse^tion 
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data received from the r'»rn^-^^^ 

i.i^aia cne cameras mcoxporatea in hha 

corresponding camera unit, if the «r-«r,*oo • 

iinahi*. t.^ . proceasxng section is 

that ca»»ra unit and an adjacent camera unit, le usea 
<*Berva.ion data obtained bj, that adjacent ca„e;a J^^Z ^ 
^«.n3 ^..^tio^ data to dater^ne the praaance^ a^^.^^: 
Of a surface Haw at th= boundary. The plats ia in 
^0 ^ a Xinea. di«uoion .i^ht sou^T, .hTch e^e^/t^Hnt":: 
wxdth o, the advancing plate. The light shine! o^T to th! 
Plate ^rom the light aource at. lo. exan^ie. " 

rrd^l' ^ '^^^^o^ lens and a Selection hoa^ 

IS ^ *="«<=t-on angle o£ which is 45-. The light ratlecced 
IS fro» the Plate travels directly to a n^rror and thence to th^ 
camera unite, which are £i«d above the mirror 

C&-A-1219933 diacloeea the testing a sheet of 

af^- srr"' "^"^-^-ly glass, for fl.„a su^h 

as foreign substances or gas bubbles trapped in th. .h=_^ 7 

wrdth. and the transmitted and reEi.cted radiation ±1 

evaluated. Above the sheet i. a receiver for reflected 
radiation, whila below the sheet is a recel"" f o^ 
radiation, the two receivers being connl^ted to 
an evaluation unit. which is also con^ted 
Photomultipliers facing respective lateral edges "f th! 
aheat. In a preferred version, a laser is provided with ! 

^T^L T °° '° • '"^"^ polygonal mirror having 

Of t^ to the direction of adva^c! 

Of the sheet. Because of f-h« .. -avance 


— — — WJU GIUV 

Because of the rotation of the mirror t-ho 
partial beams scan the e,.t.ir. sheeT' 

ference st 

assigned to each of the ends of the reference strip, receives 


the entire width of the sheet, the 
.-.erence .,eam being passed over a notched reference strip 
rrrrrri/^"^^- — ^ Photoelectric converter ^s 


li^ht emerging from the reference strip^ ^r/^t::: 
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corresponding signal to the evaluation unit. If the sheet 

IZTT.^ """^ °' ^ 

partial beam no longer reaches the upper receiver but is 
deflected to the lateral edge face of the sheet, where it 
enters one or bcith of the photomultipliers . The reference 
beam scans the reference strip and enters it at its notches 
pulses being produced in the relevant photoconverter (s) b^ 
the notches, these pulses being compared in the evaluation 
unit wxth corresponding values obtained from the 
photomultipliers. 

as ootf:''""°'"' ^^-cribes a system for sorting items, such 
as potato crxsps. which coa5,utes the geometric centre of any 

air b!ast"??v, defects and directs an ejection 

axr blast at the geometric centre of the item. Video data 
from a scanning camera are transmitted to an item processor 
and a defect processor. The item processor builds in memory 
an xmage of every item, whether acceptable or defective, 
whxle the defect processor builds a defect list of defect co- 
20 defect" detected only on defective items, .^e 

20 defect processor transmits the defect list to the item 
processor where the defect list is compared with the stored 
xmage of the item. For each defective item, the item 
processor confutes its geometric centre that is added to a 
defective items list for use by a removal process that 
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IZZ l."^""- '^--ted towards the centres of defective 

Items. The items may be brought to the removal station by a 
conveyor which projects the acceptable items on to another 
conveyor, whilst the air blasts direct downwards the 

c:n::y:::. "^'"^ ^^^^^^^ 

US-A-5448359 discloses an optical distance sensor 
according to the confocal optical imaging principle for the 
determination of height values and three-dimensional surface 
measurement, particularly in the inspection of con5>lex units, 
belT"^^" equipped, printed circuit boards. An illumination 
beam from a laser passes through a coupling-out mirror on to 
a rotary polygonal mirror and thence through a scanning 
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Objective to nbe unit being inspected, xixe illumination bean, 
xs reflected from the unit bacic through the scanning 
ob^ectave and via the polygonal mirror to the coupling-out 
mxrror whence it passes through a beam splitting unit as 
partial beams on to a plurality of photodetectors . The height 
level wxthin the depth of focus is recognisable by the 
photodetector with the greatest light intensity 

US-A-4d96440 discloses a system for measuring one or a 
plurality of regions of an object to be able to determine one 
or a Plurality of dimensions of the object. In one exaxtple 
the system utilises a mirror arrangement: for transml^i"^ 
pulsed laser light so that the light i^inges downwards upon 
the ob3ect and for receiving the upwardly reflected light 
The system includes a laser, a rotating planar mirror and a 
concave frusto- conical mirror encircling the planar mirror 
whxch serve for directing the light beam towards the object' 
The frusto-conical mirror, the planar mirror and a light 
fr^rr -i-g light beams which are reflected 

from the object. Electronic circuitry connected to the light 
recexver serves for calculating the travel time of the beam 
to and from the object, with a modulator causing the light 
beam to be modulated with a fixed frequency and the rotating 
Planar mirror and the frusto-conical mirror causing the light 

25 ^"x.r T?- " ^^^"^^"^ angle/defxLd 

25 angles relatxve to a fi^ed plane of reference during the 
entire sweeping operation. 9 '^le 

.^a.^TT''^^^ <iescribes detection of leading and trailing 
edges of objects advancing along a defined path, a light 
source directs a light beam toward a beamspot on the path. 
Lxght reflected from the beamspot is received by two light 
detectors. A leading edge of an advancing object approachLg 
the beamspot substantially blocks the light from being 
recexved from one detector and, subsecjuently, a trailing edge 
Of the Object departing from the beamspot substantially 
blocks the lxght from being received by the other detector 
Electrical cxrcuitry is provided for distinguishing the 
Changes in reflected light received at each detector and 
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determining whether the leading edge or the trailing edge is 
bloclcxng the reflected light. The data obtained are processed 
to provide information about the object, such as the height 
of the leading and trailing edges of the object and the 
length of the object. 

^ JP-A-6X-82X06 discloses as conventional a method of 
detecting unevenness of a road surface from a slowly moving 
detection vehicle. The vehicle carries a verticallv 
downwardly directed camera for capturing the road surface 
xmage and a projector shining light obliquely onto the road 
surf ace dxrectly beneath the camera, it describes as its own 
invention having, instead of the single projector, a pair of 
prooectors at respectively the left- and right-hand sides of 
the vehicle. The two projectors shine differently coloured 
light onto the road surface directly under the camera and the 
xlluminated road surface is captured on camera in colour 
either continuously or at regular intervals . This facilitates 
distinguishing unevenness of the road surface from cracks 
therein. 

US-A-5220450 discloses a scanning c^tical system including 
a gas laser for emitting a writing beam, a rotary polygonal 
rnarror for deflecting and reflecting the rays of light from 
the gas laser, a scanning lens that is telecentric with 
respect to an image plane and which focuses the deflected 
rays of light to form an image on the plane, a focus detector 
that receives the reflected light from the image plane to 
detect the state of focusing on the plane by the scanning 
lens, and a focus adjusting unit that brings the scanning 
lens into focus on the image plane on the basis of the output 
Of the focus detector. 

According to a first aspect of the present invention 
there xs provided apparatus for automatically inspecting 
matter, con^^^iBing emitting means serving to emit a detection 
medium, which comprises electromagnetic radiation, to be 
active at said matter, receiving means in the form of a 
rotary polygonal mirror arranged to receive from a 
nrultiplicity of detection zones at said matter detection 
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inadium wlxich has been varied by variations in said ma,.ter 
detecting means serving to receive the varied mediun. bC 
reflectxon from the mirror, to detect a plurality of 
wavelengths of said varied «ediu™ substantially 
sinuxltaneously, and to generate detection data in respect of 
saad plurality of wavelengths substantially simultaneously 
and xn dependence upon the variations in said medium, and 
data-Obtaining means connected to said detecting means and 
serving to obtain said detection data therefrom, 
arrangement being such that the beams of the varied medium 
whxch are received at said detecting means and emanate fr^ 
the respectxve detection zones travel along respective paths 
from saxd matter to said mirror which paths converge 
contxnuously with respect to each other from said matter to 
said mirror. 

According to a second aspect of the present invention, 
there xs provided a method of automatically inspecting 
matter, comprxsing emitting from emitting means a detection 
tnedxum, which comprises electromagnetic radiation, to be 
active at said matter, said medium being varied by variations 
Zlr^^^'^ ™-^t:er, receiving the varied medium from a 
multiplxcxty of detection zones at said matter at receiving 
nieans xn the form of a rotary polygonal mirror, reflecting 
the varxed medium from the mirror to detecting means 
detectxng at said detecting means a plurality of wavelengths 
of saxd varxed medium substantially simultaneously, and 
generating detection data from said detecting means in 
respect of said plurality of wavelengths substantially 
sxmultaneously and in dependence upon the variations in 
saxd medium, the beams of the varied medium which are 
received at said detecting means and emanate from the 
respective detection .ones travelling along respective paths 
from saxd matter to said mirror which paths converge 
continuously with respect to each other from said matter to 
saxd mirror . 

According to a third aspect of the present invention, 
there xs provided apparatus for automatically inspecting 
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matter, comprising emitting means serving to emit a detection 
medium, which comprises electromagnetic radiation, to be 
active at said matter, a rotary polygonal mirror arranged to 
receive directly from said matter detection medium varied by 
variations in said matter, detecting means serving to receive 
the varied medium by reflection from the rotary polygonal 
mxrror, to detect a plurality of wavelengths of said varied 
medium substantially simultaneously, and to generate 
detection data in respect of said plurality of wavelengths 
substantially simultaneously and in dependence upon the 
variations in said medium, and data -obtaining means 
connected to said detecting means and serving to obtain said 
detection data therefrom. 

According to a fourth aspect of the present invention, 
there is provided apparatus for automatically inspecting 
matter, comprising emitting means serving to emit a detection 
medxum. which comprises electromagnetic radiation, to be 
active at said matter, a rotary polygonal mirror arranged to 
receive from a multiplicity of detection zones at said matter 
detection medium varied by variations in said matter at 
least one folding mirror by way of which said rotary 
polygonal mirror receives the varied medium, detecting means 
serving to receive the varied medium by reflection from the 
rotary polygonal mirror, to detect a plurality of wavelengths 
Of said varied medium substantially simultaneously, and to 
generate detection data in respect of said plurality of 
wavelengths substantially simultaneously and in dependence 
upon the variations in said medium, and data- obtaining means 
connected to said detecting means and serving to obtain said 
detection data therefrom, the or each folding mirror being 
arranged to reflect varied medium from at least some of said 
multiplicity of detection zones. 

Owing to these four aspects of the present invention, it 
IB possible to simplify and thus reduce the cost of the 
apparatus compared with a known apparatus in which the varied 
medium is received at the rotary polygonal mirror by way of 
a mirror of a character which is complicated and expensive to 
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produce. 

Preferably, tHe matter ±b advanced tHrough a detection 
station at whiclx the detection medium is active ^''^^'^'^^ 

5 at Tea" .T^"'''''"^ ^^""^ °^ Polygonal mirror are 

5 at least two xn number and may be either planar or curved an^ 
exther substantially parallel or inclined to the axfs ^ 

10 th/ ''^7'^:"^*^ advantage of the feature that the beams of 
10 -ried medium travel along path, which converge 

contxnuously with respect to each other ia that the matter 
wxdth covered by the rotary polygonal mirror can be chang^I 
by Changing the spacing between the matter and that mirr!r 
rotlS"^ ^ P^--^i«^y Of arrangements each con^rising sue; 
rotary polygonal mirror, such detecting means and such data 

thr^r T '^^'^^^ side-by-side. particularly in 

the ±oTm of modules, transversely of the matter so that each 
ar^ngement inspects part of the width of the matter and the 
wxdth parts inspected by the respective arrangements overlap 
each other to desired extents. - verxap 

According to a fifth aspect of the present invention 
^ °^ automatically inspecting matted 

™sed Of differing materials, coo^.ising emitting a beam 
Of detectxon medium so that said beam scans said matter, sai^ 
medxum being varied by variations in the composition of said 
matter, recexvxng the varied medium at detecting means 
generatxng detection data from said detecting :eans in 
dependence upon the variations in said medium, and 
identxfyxng at least one of said materials from said data 

Accordxng to a sixth aspect of the present invention 
there xs provided apparatus for automatically inspecting 
matter co.^rised of differing materials, con^rising setting 
means serving to emit a scan^ng beam of detect ion^medium'o 
scan saxd matter, receiving means arranged to receive 
detection medium varied by variations in the composition of 

d^t" rd::enr""''^^ ^^^^ ^^^^^^ — 

data in dependence upon the variations in said medium, and 
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data-Obtaining niaans connected to said detecting means and 
serving to obtain said detection data therefrom ana to 
identify at least one of said materials from said data. 

Owing to these two aspects of the invention, it is 
5 possible to save energy in production of the detection 
medium, without losing intensity level of the varied medium 
received at the receiving means, if the sensitivity of the 
detecting means is liable to be saturated by the intensity of 
the direct return beam, then the detecting means is offset 

10 relative to the direct return path. The emitted beam may be 
continuous or pulsed. It is advantageous to emit two or more 
scanning beams simultaneously and to direct them at 
substantially a common region of the station, in order to 
give widespread exposure to the medium of surface portions of 

15 the matter at the region. 

Preferably, the matter is advanced through a detection 
station at which the detection medium is active. 

According to a seventh aspect of the present invention 
there is provided a method of automatically inspecting matter 

2 0 for varying composition, comprising advancing a stream of 
said matter comprised of individual objects, emitting a 
detection medium to be active at a multiplicity of individual 
detection zones distributed across substantially the width of 
said stream at a transverse section of said stream, said 

2S medium being varied by variations in the composition of said 
matter at said transverse section, receiving the varied' 
medium at receiving means, generating detection data in 
dependence upon the variations in said medium, utilising a 
camera, which is other than said receiving means, to detect 

30 spatial characteristics of said objects, and generating 
further data in dependence upon said spatial characteristics. 

According to an eighth aspect of the present invention, 
there is provided apparatus for automatically inspecting 
matter for varying composition, con^jrising detection station 

35 means through which a stream of said matter coii?)rised of 
individual Objects advances, emitting means serving to emit 
a detection medium to be active at a multiplicity of 
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individual detection zones distributed across substantially 
the widtH Of skid stream at a transverse section of said 
stream at said station means, receiving means serving to 
receive detection medium varied by variations in the 
con5,osition of said matter at said section, detecting means 
serving to generate a first series of detection data in 
dependence upon the variations in said medium, a camera 
which is other than said receiving means, at said station 
means and serving to detect spatial characteristics of said 
objects and serving to generate a second series of detection 
data in dependence upon said spatial characteristics, and 
data-obtaining means connected to said detecting means and to 
saxd camera and serving to obtain the first and second series 
of detection data therefrom. 

The spatial characteristics may comprise profiles of the 
respective objects or relative positions of the objects. 

Owing to these two aspects of the invention, it is 
possible siit«>ly and inexpensively to sort objects according 
to their size and/or their composition, as desired, and/or to 
eject at consecutive stages respective fractions of the 
stream which differ from each other in respect of their 
characteristics, e.g. their compositions or their colours. 

According to a ninth aspect of the present invention 
there is provided a method of automatically inspecting matter 
comprised of differing materials, comprising emitting a 
detection medium to be active at said matter, said medium 
being varied by variations in the composition of said matter 
receiving the varied medium at receiving means from, in turn' 
groups of detection spots at said matter, whereof each group 
contains a plurality of said detection spots and provides one 
of said detection zones, with the varied medium from all of 
the detection spots in each group being received 
substantially simultaneously, generating detection data for 
each detection zone in dependence upon the variations in 
said medium at the detection zone, and identifying at least 
one of said materials from said data. 

According to a tenth aspect of the present invention. 
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there is provided apparatus for autonatically inspecting 
matter coinprised of differing materials, comprising emitting 
means serving to emit a detection tnedium to be active at 
said matter, receiving means serving to receive detection 
mediiim varied by variations in the composition of said matter 
from, in turn, groups of detection spots at said matter/ 
whereof each group contains a plurality of said detection 
spots and provides one of said detection zones, with the 
varied medium from all of the detection spots in each group 
being received substantially simultaneously, detecting means 
serving to generate detection data in dependence upon the 
variations in said medium at each detection zone, and 
data-obtaining means connected to said detecting means and 
serving to obtain said detection data therefrom, and to 
identify at least one of said materials from said data. 

Owing to these two aspects of the invention, it is 
possible to increase the resolution of detection by a factor 
of the number of detection spots in each zone and thereby to 
increase the resolution for the same speed of detection, or 
for a given resolution to increase the speed of detection, 
without increasing the speed of, for exan^jle, a rotar^ 
polygonal mirror if provided. Thus, relatively smaller 
objects can be more accurately identified as to their 
position (and ooit5)osition, if desired) so that it is possible 
25 to provide a system particularly suited to sorting of 
granulates. 

According to an eleventh aspect of the present invention, 
there is provided apparatus for automatically inspecting a 
stream of matter, comprising emitting means serving to emit 
a detection medium to be active at said matter, first and 
second receiving means of respective first and second 
inspection arrangements separate from each other and arranged 
to receive from said matter detection medium varied by 
variations in said matter, first and second detecting means 
of said respective first and second inspection arrangements 
serving to receive the varied medium by reflection from the 
receiving means, and to generate detection data in dependence 
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upon th vaoriations in said medium, and data- obtaining ™eans 
connected to said .i.st and second detecting .ea^s ^^^ 
serving to obtaxa said detect i n data therefrom 

owing to this aspect of the invention it is possible to 
xncrease the matter width capable of being inspected and/or 
to xmprove the resolution of the inspection of the same 
n.atter width, in that the inspection arrangen«nts m.y inspect 
respective parts of the width of the matter or may each 
xnspect substantially the whole width of the titter 
Advantageously, the inspection path of each arrangement is 
substantially rectilinear and substantially perpendicSLly 
transverse to the matter and. very preferably, the inspection 
paths are substantially co-incident where they overlap or a^^ 
directly end-to-end if they do not overlap. Xt is especially 
desxrable that the inspection arrangements should either 
commence respective widthwise scans from a common location or 
terminate respective widthwise scans at a common location 
Ihe inspection arrangements may take the form of respective 
modules arranged side-by-side with each other 

According to a twelfth aspect of the present invention, 
there xs provided a method of automatically inspecting 
matter. comprxsxng emitting a detection medium. which 
corr^rises radiation, as a scanning beam to irradiate a path 

25 ZllJ"^" r"""' =^"^^^=^^-9 irradiated path at an 

25 Oblique angle to said matter, and ascertaining from that 
xnspectxon the general profile of that path 

According to a thirteenth aspect of the present invention, 
there xs provided apparatus for automatically inspecting 
,0 ="^'^^^^5 emitting means serving to emit a - detection 

30 medxum, which co«,prises radiation. a« a scanning beam to 
irradiate a path over said matter, inspecting means arranged 
to xnspect the irradiated path at an oblique angle to said 
matter, and ascertaining means arranged to ascertain from 
that inspection the general profile of that path 
35 Owing to these two aspects of the present invention, it 

xs possible, in a sxn^jle manner and with relatively low 
energy consumption, to ascertain the general profile of the 
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matter, especially the general prof lies of objects of which 
the matter is con^ris d. 

According to a fourteenth aspect of the present invention 
there is provided a method of inspecting matter, compriaing 
emitting from emitting means a detection medium, which 
comprises radiation, to be active at said matter, said medium 
being varied- by variations in said matter, at least part of 
the emitted medium passing through said matter and the varied 
medium which has passed through said matter being received at 
detecting means, and preventing said detecting means from 
receiving the medium directly from the emitting means 

According to an fifteenth aspect of the present invention, 
there is provided apparatus for inspecting matter, comprising 
emitting means serving to emit a detection medium, which 
5 comprises radiation, to be active at said matter, detecting 
means arranged to receive, by passage of the medium through 
said matter, detection medium varied by variations in said 
matter, and shielding means arranged to prevent the detecting 
means from receiving the medium directly from the emitting 
0 means . ^ 

Owing to these aspects of the invention it is possible to 
prevent swamping of the detecting means by medium received 
directly from the emitting means, and thus for the receiving 
means to be relatively highly sensitive to variations in the 
medium. 

^ According to a sixteenth aspect of the present invention, 
there is provid^ apparatus for inspecting matter. co«5,rising 
emitting means serving to emit a detection medium, which- 
comprises radiation, to be active at said matter, detecting 
means arranged to receive, by passage of the medium through 
said matter, detection medium varied by variations in said 
matter, and receiving means located between said emitting 
means and said detecting means and through which the varied 
medium is arranged to pass, said receiving means con^jrisihg 
a Presnel lens. ^ ^ 

owing to this aspect of the invention, the radiation can 
pass m a parallel manner through the matter, so that the 
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matter is more uniformly irradiated than if the radiation 
were to paes in a converging manner therethrough. 

The present invention is applicable to a wide variety of 
systems of automatically inspecting matter. 

By applying multiple sensors and/or a scanning 
arrangement, it becomes possible to introduce a lax^e number 
Of detection points . 

The detection medium can be electromagnetic radiation/ for 
example IR or visible light, to detect variations in 
constituency or colour, or an electromagnetic field to detect 
metal portions of the stream, e.g. in sorting of materials 
A wide variety of materials may be sorted from each other' 
but particularly plastics -surfaced objects sorted from othei 
objects. For the present automatic sorting, the objects must 
be distributed in substantially a single layer 

By using visible light as the detection medium a^d 
performing analysis of a plurality of wavelengths in the 
visxble light spectrum substantially simultaneously with each 
other upon the varied medium, it is possible to identify 
colour Of the matter more accurately, which is particularly 
advantageous when sorting slightly coloured containers, for 
exan^le. 

If the matter advances at the detection station in a 
freely falling condition, it is possible to carty out the 
detection without needing to take into account the presence 
of some conveying means and also possible to carry out 
reflection-reliant detection at a substantially constant 
spacing between the advancing matter and the receiving means 
Moreover, the feature whereby the matter falls more 
vertically than horizontally (preferably either vertically or 
almost vertically) at the detection level has the advantage 
that the apparatus can be compact horizontally, which is a 
particularly desired feature in a recycling plant. By means 
of a suitable deflector above the level at which the 
detection medium is to be active, the matter can be caused to 
fall freely in a curved distribution around a vertical axis 
most preferably at a substantially constant radius from that 
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ax±6 . . 

By providing first and second receiverB to receive in 
respective different directions inclined to each btHer' and 
from a common zone of matter, detection medium varied by 
variations in the matter, first and second detecting means 
arranged to scan the matter transversely of a feed direction 
of the matter while generating first and second series of 
detection data in dependence upon the variations in the 
medium received at the first and second receivers, and 
data-obtaining means connected to the first and second 
detecting means and serving to obtain the first and second 
series of detection data therefrom and to use the first and 
second series of detection data to obtain an indication of 
the height of said common zone, it is possible to identify 
15 uncrushed containers, for example, in the matter, since, if 
say, the intensity of the medium is varied by variations in 
the orientation of the matter at respective detection zones 
at the matter, then the volume of the containers can be 
determined by the conqparison of the first and second series 
of data. Furthermore, if, say, the wavelength of the medium 
IS varied by variations in the composition of the matter at 
those detection zones, then also the con5>osition of the 
. containers Ccm be determined . 

By scanning an object transversely of its feed direction 
and receiving detection medium varied in its intensity in 
dependence upon the respective orientations of differently 
orientated surfaces of the object it is possible to identify 
an uncrushed container, for example, since irradiation from 
one general direction will produce variations in the 
intensity of the irradiation of the surfaces in dependence 
upon their- orientation and from the consequential variations 
in the reflected medium the volume of the container can be 
determined. Furthermore, if. say, the wavelength of the 
medium is varied by variations in the con^josition of the 
containers, then also the composition of the containers can 
be <ieterm±neca . 

For sorting of objects, the objects may be caused to 
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fail freely. Alternatively, they nay be advanced through the 
detection station on an endless conveyor belt, if the 
objecte to be separated-out are plastics objects which are 
substantially transparent to the electromagnetic radiation 
e.g. IR, then the conveying surface of the belt should 
be diffusely reflective of the electromagnetic radiation 

For a polymer, two or more detection wavelength bands 
xn the NIR region of 1.5 microns to 1.85 microns can be 
employed. For. a laminate comprised of polyethylene on 
paperboard, a first wavelength band centred on substantially 
1.73 microns is employed, aa well as a second wavelength 
band centred less than o.l microns from the first band, for 
example at about 1.66 microns. 

The matter may comprise laminate comprised of a first 
layer and a second layer underneath said first layer and of 
a material having a spectrum of reflected substantially 
invisible electromagnetic radiation significantly different 
from that of the material of the first layer. As a result 
the spectrum of substantially invisible electromagnetic 
radiation, pa«:icularly IR, reflected from such laminate can 
be readily distinguishably different from the spectrum of 
tnat radiation reflected from a single layer of the material 
of either of its layers.. 

If the stream is a continuous strip of laminate 

advancing on a laminating machine, for exan^le a polymer 

coating machine coating a polymer layer onto a substrate it 

IS possible to detect any variation in con?,osition of 'the 

advancing polymer layer and to correct the coating process 
accordingly. = a* 

Alternatively, it is possible to separate-out objects 
e.g. waste objects, of a predetermined co«5>08ition from a 
stream of matter, e.g. waste matter, which can be relatively 
wide co«5,ared with a secruential stream, so that a relatively 
high rate of separation can be achieved. 

Typically, there could be a transverse row of some 25 to 
50 detection zones for a stream im. wide. A central detection 
system can be applied to -serve" all 25 to 50 detection zones 
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if there is sufficient IR intensity across the width of the 
stream from a single or multiple IR source or even if there 
is an infrared source at each detection point. Optical fibres 
may lead the reflected IR from the detection points to this 
central detection system. However, a system of IR reflectors 
is preferred to optical fibres, siii^e a reflector system is 
less expensive, allows operation at higher IR intensity 
levels (since it involves lower IR signal losses) and is less 
demanding of well-defined focal depths. If the stream moves 
at some 2.5 tn/sec. and the system is capable of 100 to 160 
scans across the stream each second, then detections can be 
made at a spacing of some 2.5 to 1.5cm along the stream. When 
each scan is divided into 25 to 50 detection zones, 
detections can be made in a grid of from 1.5 x 2.0cm. to 2.5 
15 X 4 . ocm. The transverse scanning of the moving stream maJces 
it possible to construct a two-dimensional simulation which 
can be analysed using image processing . in this way it is 
possible to detect: 

matter cotiiposition, e.g. thickness, and position in the 
20 stream 

shape and size of composition variation 

several composition variations substantially 

simultaneously. 

The detection data processing system will determine 
25 wanted/unwanted composition at each detection zone. 

For food quality control, e.g. fat content and maturing 
of fish and the maturing of meat, the apparatus measures the 
quality of foodstuff by monitoring the absorption spectrum in 
the IR range . 

30 Although an advantage of arranging the detection of 

objects from underneath (rather than above) the waste stream 
is that it gives as uniform a distance from detection point 
to object as possible, it has disadvantages. By irradiating 
the waste objects on a conveyor belt with radiation from 

35 above and by utilising a reflector system to select that 
portion of the reflected radiation which propagates upwards, 
the system can be mad© very focusing insensitive. The 
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alternative of the stream being in free fall is particularly 
advantageous in enabling the distance from detection point to 
object to be as uniform as possible, while avoiding many of 
the disadvantages of detection from underneath. 

In addition to or instead of spectral sensing devices 
electromagnetic sensing devices may be en?)loyed at a 
metal -detection station. By means of an antenna extending 
across the advancing stream, an alternating electromagnetic 
field can be set up across the stream. By providing as many 
eddy current detection zones (in the form of individual 
detection coils) across the stream as there are spectral 
detection zones a simultaneous metal detection can be 
performed at very low additional cost. Thereby, with a waste 
stream including polymer- coated beverage cartons • and with 
several air jet arrays arranged one after another it becomes 
possible to sort out: 

beverage cairtons without an aluminium barrier 
beverage cartons with an aluminium barrier 
other metal -containing objects. 

With a more elaborate spectral analysis it also becomes 
possible to identify and sort out the type of polymer in a 
plastics object, nxe system could hence be applied to sorting 
into separate fractions the various plastics types occurring. 

By employing one-and- the- same detection station for at 
least two streams simultaneously, the cost of inspection can 
be reduced compared with a case where the streams have 
respective detection stations . 

In order that the invention may be clearly and completely 
disclosed, reference will now be made, by way of example, to 
the accompanying drawings , in which : - 

Figure i illustrates diagrammatically, in perspective view 
from above, a system for automatic sorting of waste objects 
of differing compositions. 

Figure 2 illustrates diagrammatically, in front elevation, 
a modified version of the system, with two rotary polygonal 
mirrors in respective first angular positions. 

Figure 3 is a view similar to Figure 2, but with the 
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mirrors in second angular positions. 

Figure 4 is a view similar to Figure 2 or 3, but of 
another modified version of the system, 

Figure 5 illustrates diagrammatically , in perspective view 
from above, a further modified version of the system, 

Figure 6 illustrates diagraimnatically, in front elevation, 
a modification of the system. 

Figure 7 is a view similar to Figure 6 of another 
modification of the system. 

Figure 8 is a view similar to Figure 1 of a yet further 
modified version of the system. 

Figure 9 shows a diagrammatic vertical section through a 
still further modified version of the system. 

Figure 10 shows a diagrammatic horizontal section taJcen 
on the line X-X of Figure 9, 

Figure 11 shows a detail of Figure 9, and 
Figure 12 shows a diagrammatic, fragmentary, perspective 
view of a yet still further modified version of the system. 

The present system utilises principles of the system of 
WO-A-96/066a9 and reference should be made to the latter for 
any necessary clarification of the present description with 
reference to the present drawings . 

Referring to Figure 1, a detection station 2 including a 
vertically downwardly directed video camera 4 and a detection 
unit 6 identical to one of the two units 6 to be described 
with reference to Figures 2 and 3 has a stream of waste 
matter, including objects 14 such as containers, advanced 
therethrough on a substantially horizontal conveyor belt 8 to 
a transverse array of air jet nozzles 10. The rectangular 
picture area of the camera is indicated at 12 and spans the 
Whole width of the belt 8 and thus of the stream of waste. 
The data from the camera 4 is used to identify the positions 
of individual objects in the waste stream (in the sense of 
approximately the region that the object occupies in the 
stream of waste) . The unit 6 scans the stream of waste along 
a rectilinear path P also extending the whole width of the 
belt 8 and thus of the waste stream, the path p being 
perpendicular to the longitudinea direction D of the belt 8 , 
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i.e. to the feed direction of the waste stream. By infrared 
spectrum analysis, the tmit 6 detects the coii5)osition of at 
least some of the objects 14 in the waste stream. The data 
from the camera 4 and. the unit 6 are used to control a 
controller 16 for solenoid valves (not shown) which control 
the supply of conqpressed air to the respective nozzles 10. in 
this relatively sin¥>le system, the composition and/or colour 
of each object is/are detected by the unit 6. whilst the 
video camera is used to monitor the scanned region «md its 
data output employed automatically to detect the positions of 
the objects and to correct the data relating to those bibjects 
as received from detectors 21 in the unit 6. The belt 8 may 
be 0.5m. wide and the camera 4 and the unit 6 be active over 
the whole width of the belt. 

Referring to Figures 2 and 3, the xrnits 6 are arranged 
side-by-side above the conveyor belt 8 which, in this 
version, may be l.Om. wide. Each unit includes a housing 18, 
of which the front cover has beai removed from the left-hand 
imit in Figures 2 and 3. Each housing 18 contains a mounting 
bracket 20- The detection station 2 differs from the 
detection station 131 of the version of Figure 11 of WO-A- 
96/06689 chiefly in that there are two units 6 disposed side- 
by- side and that, in each unit 6, the cylindrical, polygonal 
mirror 108 of that Figure 11 has been re- orientated such that 
its axis of rotation R now extends in the feed direction D 
(such mirror being referenced 19 in the present drawings) . 
Not only does this change simplify the path of transmission 
of the varied IR radiation from the stream of matter to the 
filter /detector combinations 21, but the loss of IR intensity 
produced by such a relatively long path as in that Figure ll 
can be minimised. The filters/detectors 21 are parts of an 
optical detection device 22 which includes a beam splitter 24 
and is mounted e«i the bracket 20. Also mounted on the bracket 
20 is a microprocessor 26 which receives the data output from 
the filter/detectors 21 (and from the camera 4 if provided) 
and data as to the angular position of the rotating polygonal 
mirror 19 and controls accordingly the controller 16 . The 
polygonal mirrors 19 rotate in the senses of the arrows A and 
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the starting path of the diffusely reflected IR via each 
mirror 19 to its associated beam splitter 24 at the 
cotamencement of a scan is indicated by the dot -dash line s 
and its finishing path at the end of the scan is indicated by 
the dot-dash line F. Although not illustrated, the beams of 
the varied detection medium which are received at each 
detection device 22 and emanate from the respective detection 
zones at the waste stream travel along respective paths from 
the waste stream to the associated mirror 19 which paths 
converge continuously with respect to each other from the 
waste stream to that mirror . One unit 6 , or a row of at least 
two units 6 side-by-side, is/are applicable not only to 
material being advanced by a conveyor belt, but also to 
material advancing down a slide or to material advancing in 
free fall, with the three filter /detectors 21 shown, the \init 
6 is able to perform simultaneous analysis of three 
wavelengths of electromagnetic radiation. At least three 
wavelengths and thus a corresponding number of 
filter/detectors are chosen if ir is used as the detection 
medium, in order to detect composition of the matter, or at 
least two wavelengths and thus at least two f ilter/detectors 
in the event that visible light is chosen as the detection 
medium, in order to determine the colour of the matter. The 
polygonal mirror gives relatively high scanning speed with 
relatively moderate rotational speed of the mirror. The 
radiation reflected from the matter over the scanning width 
is converging. 

The spacing between the or each polygonal mirror and the 
stream of matter is kept as small as practical, in order to 
maintain high resolution and intensity of reflected radiation 
with relatively low illumination intensity. 

Coit^ared with, for example, the detection system of Figure 
11 of WO-A-96/06689, the system of the present Figures 2 and 
3 allows a higher resolution and a somewhat better signal-to- 
noise ratio to be obtained. Moreover, the distance which the 
reflected radiation has to travel from the matter to reach 
the filter/detectors 21 can be relatively reduced by up to 
one half, so reducing light transmission losses, which can be 
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quite significant if the reflected radiation has to travel 
through a polluted, e.g. dusty, atmosphere and/or indirectly 
via an intermediate mirror. 

Parallactic and shadowing effects can be kept within 
tolerable limits for objects less than. e.g. 200mm., tall if 
the transverse angle of reflection can be kept within some 
30" from the vertical. During each scan, the reflection point 
on the polygonal mirror will move over the surface of the 
mirror in the direction of scan, which somewhat reduces the 
angle of reflection towards the end of the scan. 

With an hexagonal mirror, for example, a hew scan will 
start upon 60" rotation of the mirror. However, each scan 
requires somewhat less than half of that 60" rotation to be 
completed, arid thus an interval probably longer than the 
actual scan period exists in which. for instance, some 
detector calibration can be undertaken. However, the spectral 
analysis and two-dimensional simulation of the stream are 
largely carried out in parallel with the data acquisition, 
which is practically continuous. 

An average minimum object height of, for example, 3cm. may 
be pre- set as a reference to correct for some of the 
parallactic error. 

It is advantageous to have a slight overlap of the inner 
ends of the widths scanned by the two vmits 6, in order to 
avoica inadvertent failure to detect objects or parts of 
objects in the border zone. Bach unit 6 operates 
independently of the other, even to the extent of controlling 
its own array of air jet nozzles (not shown). 

In an alternative embodiment the widths scanned by the two 
mirrors 19 may overlap fully, the mirrors 19 being displaced 
relatively further from the advancing matter than as shown in 
Figures 2 and 3 . if the mirrors 19 are placed substantially 
directly above the respective edges of the stream of matter 
as shown in Figure 4, the parallactic and shadowing effects 
can be cancelled out during the processing of the data. 
Naturally,, a higher intensity of illumination of the matter 
will be required. 

Referring to Figure 4. the axes A of the mirrors 19 are 
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directly above and parall 1 to the respective edges 8a of the 
belt 8 and are disposed at the same level as each other ^t a 
known distance d above the belt 8 which is of a known width 
W. An object 14a is shown disposed on the belt 8 having top, 
left-hand comer TLa, top right-hand comer TRa, bottom left- 
hand comer BLa, and bottom right-hand comer BRa. It will be 
understood that position (BLa-BRa) relative to the belt, 
object height H and object width w can be determined once 
angles a TRa and a BLa relative to the left-hand axis A and 
a TLa and a BRa relative to the right-hand axis A are known. 
These angles refer to the points TRa to BRa, respectively, at 
which sudden variations of wavelength and/or intensity of the 
diffusely reflected IR received by the left-hand or right- 
hand mirror take place, so that these angles can be 
determined by the microprocessor 26 from the detection data 
received thereby. 

If there is, for one of the mirrors X9, a sudden variation 
of the diffusely reflected IR at the point TLa (for the left- 
hand mirror 19) or TRa (for the right-hand mirror 19), for 
exair5>le because the top surface (between TRa and TLa) is more 
intensely irradiated with IR than the side surface (between 
TLa and BLa or between TRa and BRa) , then the other unit 6 
can be dispensed with, because the one lariit 6 on its own can 
measure position and both h and h. 

In still another embodiment, using one polygonal mirror 
19, it is possible to have multiple detectors for each 
wavelength in the device 22. In this way, either, as will be 
described with reference to Figure 7 the optical resolution 
can be improved, thereby assisting detection of very small 
objects such as might be present in streams of fragmented 
matter, or the same optical resolution of a scanning module 
6 could be maintained whilst increasing the spacing between 
the mirror 19 and the matter. 

Referring to Figure 5, waste matter advanced by a feed 
conveyor belt 30 inclined downwardly at a slight angle 3 to 
the vertical drops onto a dome 31 surmounting a conical or 
elliptical deflector 32 so that the waste becomes distributed 
at a siibstantially constant radius about a vertical axis V of 
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the deflector 22. The dome 31 is provided with outwardly 
diverging guxde fins 33 so as to spread the waste matter more 
evenly around the conical or elliptical deflector 32 . a 
higher sorting capacity can be achieved by the provision of 
the fins 33, since the tendency for the waste matter no be 
concentrated at the middle of the front of the circumference 
of the deflector 32 is reduced, in other words more waste 
matter can be sorted because the waste matter can be denser 
in the stream passing over the deflector 32 without portions 
of the waste matter overlapping each other. Below the 
deflector is a housing 34 having its front wall 34a 
substantially coaxial with the axis v euid formed with a 
horizontal slot 36 also co- axial with the SDcis V and at the 
same level as a cylindrical, rotary, polygonal mirror 19 co- 
15 axial with and rotating about the axis V, and as an optical 
detection device 22. The housing 34 also contains lamps 38 
for illuminating the matter falling freely past the slot 36. 
Radiation reflected from the falling matter is then reflected 
to the mirror 19, which scans the falling matter at a 
substantially constant distsmce from the matter in the 
horizontal plane of the slot 36. Arranged below the housing 
34 are a number of air jet nozzle arrays 40 airranged 
parallelly with the slot 3 6 at substantially the same radius 
from the axis V. Arranged radially outwardly beyond the 
falling matter are a number of collector shields 42 spaced 
radially outwardly from each other. The greater its radius 
from the sDcis V, the higher the shield 42 extends. 

In use, the composition of the matter falling past the 
Blot 36 and/or the relative position of objects 14 falling 
past that slot is/are detected and the nozzles of the arrays 
40 activated accordingly, to sort the objects 14 into the 
spaces among the shields 42 and at the outside of the 
outermost shield 42, the remainder of the matter simply 
continuing to fall vertically to the inside of the innermost 
35 shield 42. 

The downward inclination of the belt 3 0 is provided to 
promote downward acceleration of the matter as it leaves the 
belt. This downward acceleration increases vertical speed of 
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the matter and thereby the capacity of the apparatus, it itiay 
also be advantageous to have a relatively large radius of the 
front end roller 44 of the belt conveyor to promote such 
downward acceleration and to reduce rolling of the objects 
14. 

Use of the finned dome 31 and the deflector 32 promotes 
distribution of matter into a freely falling distribution co- 
axial with the axis V, This has the advantage that, because 
the mirror 19 is also co-axial with the axis V, no 
significant parallactic error arises. Instead of the lamps 38 
being mounted within the housing 34, they may be mounted 
exteriorly thereof. 

In the version of Figure 5, the detecting means, the 
illuminating means and the ejecting means can be assembled as 
a single unit. It is believed that ejection of more than one 
fraction of the matter is feasible at different levels as the 
matter is falling. However, monitoring by camera may be 
required to give more precise ejection, especially if more 
than two desired fractions are to be ejected. 

The system of Figure 5 has a particular advantage in that 
it can occupy less floor area than an equivalent horizontal 
system. 

Referring to Figure 6, although this modification is 
illustrated in relation to matter on a conveyor belt 8, it is 
also applicable to matter adveuacing down a slide or to matter 
in free fall. A polygonal mirror 19 is again shown scanning 
the matter; however, in this case the mirror 19 is not only 
receiving reflected light from the matter on the belt 8 and 
reflecting it to the optical detection device 22, but it is 
also receiving the matter -illuminating electromagnetic 
radiation, for example visible* light, from two collimators 46 
and reflecting the collimated light beams B onto a 
transversely scanning spot on the matter. This alternative to 
having stationary light sources has the advantage of greatly 
reducing the illumination energy requirements for the same 
reflected radiation intensity level at the device 22 . Use of 
the hexagonal mirror (possibly via another mirror between it 
and the advancing matter) for reflection of both the 
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illuminating beams and the return beams has the advantage of 
providing totally reliable synchronisation thereof. 
Alternatively, it would be possible to use two separate 
polygonal mirrors, one for the illuminating beams and one for 
5 the return beams, on either the same rotary body, or on 
differing rotary bodies but then, in the latter case, some 
form of synchronising arrangement would additionally be 
required • Whatever the light sources used, be they the 
collimators 46 or otherwise, direct radiation reflection onto 

10 the splitters in the device 22 may present the problem of 
saturating the sensitivity of the detectors, in which case 
such direct reflection must be avoided. This can be achieved 
by offsetting the light sources relative to the beam 
splitters, as indicated in Figure 6. If desired, the separate 

15 collimators 46 could be replaced by a ring-shaped collimator 
centred around the radiation inlet of the device 22 . 

In the modification shown in Figure 7 (again applicable 
to matter on the belt 8 or advancing down a slide or in free 
fall) , the unit 6 contains, in addition to the mirror 19 and 

20 the microprocessor 26 (not shown) , two devices 22 side-by- 
side with each other and arranged to receive diffusely 
reflected radiation simultaneously from respective detection 
spots 101 azid 102 located adjacent each other along the path 
P, so that there are there are two filter/detectors 2X (not 

25 seen) for the or each electromagnetic radiation wavelength 
detected. As scanning proceeds, different detection zones, 
i.e. pairs of detection spots, along the path P are 
inspected. In a variation (not illustrated) of that 
modification, the two . devices 22 are replaced by a single 

30 device 22 containing double filter/detectors 21. 

Referring to Figure 8, in this version a module 50 emits 
a transversely scanninig beam B of electromagnetic radiation 
visible to a camera 52 directed obliquely to the direction D 
and disposed in a central vertical plane of the belt 8 . The 

3 5 beam B irradiates a path P' which extends across the belt 8 
and generally up, over smdi down each object 14 being advanced 
by the belt 8 at the detection station 2 . The camera 52 can 
thereby be enqployed to detect the general profile of each 
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Object, for exaraple as to whether it is of rectangular cr-oss- 
aection, as is the gable-topped carton l4a, of . s\ibstantially 
constant circular cross-section, as is the can i4b, or of 
varying circular cross -section, as is the bottle 14c. The 
5 camera 52 also detects the positions of the objects 14. it is 
thus possible to sort these objects from one another, in 
addition, if the module 50 has the same capability as does 
the module S, with the modification according to Figure 6, of 
determining tlie con?)ositions of the objects 14 from diffusely 

10 reflected electromagnetic radiation of the beam B, the 
compositions of the objects, as well as their general 
profiles and positions, can be determined. Tliis version is, 
of course, applicable not only to material being advanced by 
the belt 8 but also to material advancing down a slide or in 

15 free fall. 

Referring to Figures 9 to 11 this version differs from 
that of Figure 5 chiefly in that the radiation, which 
comprises visible light L, passes through the matter 14 to be 
inspected. Thus the light source 60 is disposed outside the 

20 housing 34 which contains the rotary polygonal mirror 19 and 
the detection device 22. The light source 60 contains two 
horizontal fluorescent tubes 62 which each extend over the 
whole width of the stream of matter 14 and are surrounded by 
a horizontal casing 64 except for a horizontal slot-form exit 

25 66 for the light. The tubes 62 are arranged respectively 
above and below the exit 66, and the internal surface of the 
casing 64 is reflective of visible light. Thus, the light L 
leaving the exit 66 has been collimated to some extent. The 
use of relatively collimated light substantially normal to 

30 the stream of matter 14 should facilitate reliable analysis. 
The light passes through the slot 36 to a Fresnel lens 68 
which extends over the width of the stream of matter 14 and, 
at least in a horizontal plane, causes the light L to 
converge to an inner wall 70 formed with an inner aperture 71 

35 in the form of a horizontal slot, whence the light L, 
continues to converge towards the polygonal mirror 19. The 
arrangement is such that the portions 64a of the casing 64 
prevent the light L from travelling directly from the 
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fluorescent tubes 62 to the detection device 22. The matter 
14 is particularly advantageously in the form of crushed 
bottles of differing colours of relatively transparent 
plastics* The bottles leaving the conveyor belt 30 strike a 
5 short guide 72 which discourages spinning of the crushed 
bottles about their own axes; this reduces the production of 
false data from the device 22. Depending upon the colours of 
plastics identified from the inspection of the bottles, the 
air jet nozzle array (s) 40 sort(s) the matter 14 into one or 
10 more desired colour fractions 72 and a remaining fraction 74. 

In operation, three wavelengths of the radiation, i.e. 
three colours, are analysed, all in the spectrum (400 to 
700mn) of visible light) • 

It is believed that, by having at least two fluorescent 
X5 tubes 62 and by using only diffusely reflected light for 
penetration of the objects, with mixing of the light from the 
plurality of tubes 62, reduces the effect of ageing of the 
tubes 62. 

The front wall 34a helps to prevent the matter 14 from 

20 fouling the lens 68, whilst the inner wall 7 0 suppresses 
stray reflections and multiple images. 

It will be noted that the matter 14 in free fall at the 
detection level in Figures 5 and 9 is travelling more 
vertically than horizontally. This has the advantage that a 

25 relatively small floor area cam be occupied by the apparatus, 
which is a feature of particular advantage in recycling 
. plants or on lorries where plenty of vertical space, but not 
of horizontal space, is usually available- Moreover, this is 
the preferred arrangement when the apparatus is to eject by 

30 means of nozzle arrays 40 a plurality of fractions of the 
matter 14 on the basis of one scan of the matter. 

In the version shown in Figure 12, the beams B of the 
varied detection medium which are received at the detection 
device 22 and emanate from the respective detection zones Z 

35 travel along respective paths from the stream of matter to 
the rotary polygonal mirror 19 which paths converge 
continuously with respect to each other from the stream of 
niatter to the mirror 19, although in this case the beams B 
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travel Via a planar mirror 80 from the . stream of matter to 
the mirror 19. This vereion is, of course/ applicable not 
only to material being advanced by th belt 8 but also to 
material advancing down a slide or in free fall." 
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CLAIMS 

1. Apparatus for automatically inspecting matter, coo^rising 
emitting means serving to emit a detection medium, which 
comprises electromagnetic radiation, to be active at said 
matter, receiving means in the form of a rotary polygonal 
mirror arranged to receive from a multiplicity of detection 
zones at said matter detection medium which has been varied 
by variations in said matter, detecting means serving to 
receive the varied medium by reflection from the mirror, to 
detect a plurality of wavelengths of said varied medium 
substantially simultaneously, and to generate detection data 
in respect of said plurality of wavelengths substantially 
simultaneously and in dependence upon the variations in said 
medium, and data -obtaining means connected to said detecting 
me^s and serving to obtain said detection data therefrom, 
the arrangement being such that the beams of the varied 
medium which are received at said detecting means and emanate 
from the respective detection zones travel along respective 
paths from said matter to said mirror which paths converge 
continuously with respect to each other from said matter to 
said mirror. 

2. Apparatus according to claim 1, wherein said mirror is 
arranged to receive tbe varied medium directly from said 
matter. 

3 . Apparatus according to claim 1, and further conprising at 
least one planar mirror by way of which said beams travel 
from said matter to said rotary polygonal mirror. 

4 . Apparatus according to any preceding claim, wherein said 
emitting means is arranged to emit said medium in the form of 
a scanning beam which scans said detection zones . 

5. Apparatus according to any one of claims 1 to 3, wherein 
said emitting means emits said medium in the form of a 
plurality of scanning beams which are co-extensive with each 
other and which scan said detection zones. 

6 • Apparatus according to any preceding claim, wherein said 
detecting means comprises a plurality of detectors arranged 
to receive substantially simultaneously with each other the 
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varied medium from, in turn, groups of detection spots 
whereof each group contains a plurality of detection spots 
and provides one of said detection zones . 

7 . Apparatus according to any preceding claim, and further 
5 comprising a camera arranged to detect spatial 

characteristics of individual objects of which said matter is 
comprised, and to generate further detection data in 
dependence upon the detected spatial characteristics, said 
data- obtaining means being arranged to employ the f irst- 
10 mentioned detection data to identify variations in the 
composition of said matter. 

8. Apparatus according to any one claims 1 to 6, wherein said 
emitting means and said rotary polygonal mirror are arranged 
so as to be located at respective opposite sides of said 

15 matter, the apparatus further comprising shielding means 
arranged to prevent said detecting means from receiving the 
medium directly from said emitting means. 

9. Apparatus according to any preceding claim, and further 
comprising a second rotary polygonal mirror arranged to 
receive detection medium which has been varied by variations 
in said matter, and second detecting means serving to receive 
the varied medium by reflection from said second rotary 
polygonal mirror, to generate other detection data in 
dependence upon the variations in said mediumi said 

25 data -obtaining means being connected to said second detecting 
means and serving to obtain said other detection data 
therefrom. 

10. Apparatus according to claim 9, wherein the arrangement 
is such that beams of the varied medium which are received at 

30 said second detecting means auid emanate from respective 
detection -zones travel along respective paths from said 
matter to said second rotary polygonal mirror which paths 
converge continuously with respect to each other from said 
matter to said second rotary polygonal mirror - 

35 11. Apparatus according to claim 9 or 10, wherein the first- 
mentioned rotary polygonal mirror and the first-mentioned 
detecting means are parts of a first inspection arrangement, 
said second rotary polygonal mirror and said second detecting 
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means are parts of a second inspection araraagemeat , and the 
first and second inspection arrangements are disposed side- 
by-side. 

12. Apparatus according to claim 11, wherein said first and 
5 second inspection arrangements are respective nuadules . 

13. Apparatus according to any preceding claim, and further 
comprising a detection station which comprises the rotary 
polygonal mirror (s) and the detecting means and through which 
said matter advances in a feed direction- 

10 14. Apparatus according to claim 13, wherein the or each 
rotary polygonal mirror has its axis of rotation at 
substantially the axis of its polygon and extending in said 
feed direction- 

15. Apparatus according to claim 13 as appended to claim 4 or 
X5 5, wherein the or each scanning beam scans said matter 

transversely of said feed direction. 

16. Apparatus according to any one of claims 13 to 15, 
wherein the arrangement is such that said matter falls freely 
through said deteccion station. 

20 17. Apparatus according to claim 16, and further cotr5)rising 
distributing means arranged to cause said matter to fall 
freely in a curved distribution around a vertical axis. 

18. Apparatus according to claim 17, wherein said 
distributing means is aarranged to cause said distribution to 

25 be at a sxibstantially constant radius from said vertical 
axis. 

19 . Apparatus according to any one of claims 13 to 15 as 
appended to claim 9 , wherein said feed direction is at an 
angle to the vertical and wherein the first-mentioned 
detection data and said other detection data are utilised to 
obtain an indication of height of a common zone of said 
matter. 

20. Apparatus according to any preeedingr claim, wherein said 
emitting means serves to emit visible light as the detection 

35 medium, and wherein said data -obtaining means performs 
substantially simultaneous analysis of a plurality of 
wavelengths in the visible light spectrum. 

21. A method of automatically inspecting matter, conprisihg 
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emitting from emitting means a detection medium, whicli 
comprises electromagnetic radiation, to be active at said 
matter, said miedium being varied by variations in said 
matter, receiving the varied medium from a multiplicity of 
5 detection zones at said matter at receiving means in the form 
of a rotary polygonal mirror, reflecting the varied medium 
from the mirror to detecting means, detecting at said 
detecting means a plurality of wavelengths of said varied 
medium substantially simultaneously, and generating detection 

10 data from said detecting means in respect of said plurality 
of wavelengths siabstantiaily simultaneously and in dependence 
upon the variations in said medium, the beams of the varied 
medium which are received at said detecting mesins and emanate 
from the respective detection zones travelling along 

15 respective paths from said matter to said- mirror which paths 
converge continuously with respect to each other from said 
matter to said mirror, 

22, A method according to claim 21, wherein said beams travel 
directly from said matter to said mirror, 

2 0 23. A method according to claim 21 or 22, wherein said medium 

is emitted in the form of a scanning beam which scans said 
detection zones - 

24. A method accorxiing to claim 21 or 22, wherein said medium 
is emitted in the form of a plurality of scanning beams which 
25 are substantially co-extensive with each other and which scan 
said detection zones. 

25- A method according to any one of claims 21 to 24, wherein 
each detection zone is in the form of a group of detection 
spots, and wherein the varied medium from all of the 

3 0 detection spots in each group is received substantially 

simultaneously at said rotary polygonal mirror. 

26. A method according to claim 25, wherein said matter 
comprises granulates . 

27. A method according to any one of claims 21 to 26, wherein 
35 said matter corrprises individual objects, said detection data 

is employed to identify variations in the composition of said 
matter, a camera is utilised to detect spatial 
characteristics of said objects, and further detection data 
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is generated in dep ndence upon the detected spatial 
cliaracteristics . 

28. A metliod according to claim 27, wherein said spatial 
characteristics con^rise profiles of the respective objects. 
5 29- A method according to claim 27 or 28, wherein said 
spatial chaaracteristics comprise relative positions of the 
objects. 

30 • A method according to any one of claims 21 to 26, wherein 
at least part of the emitted medium passes through said 
10 matter and is received at said rotary polygonal mirror, and 
said detecting meauis is prevented from receiving the medium 
directly from said emitting means. 

31, A method according to any one of claims 21 to 30, wherein 
said medium is active at said multiplicity of detection zones 

15 while said matter is falling freely at a detection level . 

32, A method according to claim 31, wherein said matter falls 
freely in a curved distribution around a vertical axis . 

33, A method according to claim 32, wherein said distxribution 
is at a siibstantially constant radius from said axis . 

20 34 . A method .according to suay one of claims 21 to 29, wherein 
said matter includes an object surfaces of which are 
orientated differently from each other, said medium being 
varied in its intensity in dependence upon the respective 
orientations of said surfaces, and said detection data is 

25 used to obtain an indication of a dimension of said object , 
35- A method according to any one of claims 21 to 34, wherein 
the detection medium is visible light and analysis of a 
plurality of wavelengths in the visible light spectrum is 
performed substantially simultaneously with each other upon 

30 the varied medium. 

36. Apparatus for automatically inspecting matter, comprising 
emitting means serving to emit a detection medium, which 
comprises electromagnetic radiation, to be active at said 
wetter, a rotary polygonal mirror arranged to receive 

35 directly from said matter detection medium varied by 
vairiations in said matter, detecting means serving to receive 
the varied medium by reflection from the rotary polygonal 
wiirror, to detect a plurality of wavelengths of said varied 


Wp 00/57160 


PCT/IBOO/00301 


medium BUbstantially siimiltaneously, and to genearate 
detection data in respect of said plurality of wavelengths 
substantially simultaneously and in dependence upon the 
variations in said medium, and data- obtaining means 
5 connected to said detecting means and serving to obtain said 
detection data tlieref rora. , 

37. Apparatus according to claim 26, and further comprising 
a detection station which comprises the rotary polygonal 
mirror and the detecting means and through which said matter 

10 advcoices in a feed direction, the mirror having its axis of 
rotation at substantially the axis of its polygon and 
extending in said feed direction, 

38. Apparatus for automatically inspecting matter, cotnprising 
emitting means serving to emit a detection medium, which 

15 comprises electromagnetic radiation, to be active at said 
matter, a rotary polygonal mirror arranged to receive from a 
multiplicity of detection zones at said matter detection 
medium varied by variations in said matter, at least one 
folding mirror by way of which said rotary polygonal mirror 

20 receives the varied medium, detecting means serving to 
receive the varied medium by reflection from the rotary 
polygonal mirror, to detect a plurality of wavelengths of 
saici varied medium substantially simultaneously, and to 
generate detection data in respect of said plurality of 

25 wavelengths substantially simultaneously and in dependence 
upon the variations in saiid medium, and data -obtaining means 
connected to said detecting means and serving to obtain said 
detection data therefrom, the or each folding mirror being 
arrsuiged to reflect varied medium from at least some of said 

30 multiplicity of detection zones. 

39. A method of automatically inspecting matter con^jrised of 
differing materials, con^risihg emitting a beam of detection 
medium so that said beam scans said matter, said medium being 
varied by variations in the composition of said matter, 

35 receiving the varied medium at detecting means, generating 
detection data from said detecting means in dependence upon 
the variations in said medium, and identifying at least one 
of said materials from said data. 
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, 40. A method accoarding to claim 39, wherein said medium is 
varied by passing through said matter. 

41. A method according to claim 39, wherein said medium is 
varied through heing reflected from said matter. 
42. .A method according to claim 41, wherein said detecting 
means is prevented from receiving direct reflection of the 
emitted beam. 

43. A method according to any one of claims 39 to 42, and 
further con^ri sing emitting, co- extensively with said beam, 
a second beam of detection medium so that said second beam 
also scans said matter, 

44. Apparatus for automatically inspecting matter comprised 
of differing materials, cornprising emitting means serving to 
emit a scanning beam of detection medium to scan said matter, 
rieceiving means arranged to receive detection medium varied 
by variations in the composition of said matter, detecting 
means serving to generate detection data in dependence upon 
the variations in said medium, and data- obtaining raesuis 
connected to said detecting means and serving to obtain said 
detection data therefrom anA to identify at least one of said 
materials from said data. 

45. Apparatus according to claim 44, wherein said emitting 
means and said receiving means are arranged to be located at 
respective opposite sides of said matter. 

46. Apparatus according to claim 44, wherein said emitting 
means and said receiving means are arranged to be located at 
a common side of said matter., 

47. Apparatus according to claim 46, wherein said receiving 
means is off- set relative to a direct reflection path of said 
beam. 

48. Apparatus according to any one of claims 44 to 47, 
wherein said emitting means serves to emit, co- extensively 
with said beam, a second beam of detection medium to scan 
said matter. 

49 . A method of automatically inspecting matter for varying 
composition, comprising advancing a stream of said matter 
cortprised of individual objects, emitting a detection medium 
to be active at a multiplicity of individual detection zones 
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distributed across substantially the widtb of said stream at 
a transverse section of said stream, said medium being varied 
by variations in tbe composition of . said matter at said 
transverse section, receiving tlie varied medium at receiving 
5 means, generating detection data in dependence upon ttie 
variations in said medium, utilising a camera, wbicli is other 
than said receiving means, to detect spatial characteristics 
of said objects, and generating further data in dependence 
upon said spatial characteristics . 
lO 50, A method according to claim 49, wherein said spatial 
characteristics comprise profiles of the respective objects. 
51. A method according to claim 49 or 50, wherein said 
spatial characteristics comprise relative positions of the 
objects . 

XS 52. Apparatus for automatically inspecting matter for varying 
composition, comprising detection station means through which 
a stream of said matter comprised of individual objects 
advances, emitting means serving to emit a detection medium 
to be active at a multiplicity of individual detection zones 

2 0 distributed across substantisuLly the width of said stream at 

a transverse section of said stream at said station means, 
receiving means serving to receive detection medium varied by 
variations in the composition of said matter at said section, 
detecting means serving to generate a first series of* 
25 detection data in dependence upon the variations in said 
medium, a camera, which is other than said receiving means, 
at said station means and serving to detect spatial 
characteristics of said objects and serving to generate a 
second series of detection data in dependence upon said 

3 0 spatial characteristics, and data- obtaining means connected 

to said detecting means and to said camera and serving to 
obtain the first and second series of detection data 
therefrom. 

53 • A method of automatically inspecting matter comprised of 
3 5 differing materials, comprising emitting a detection medium 
to be active at said matter, said medium being varied by 
variations in the composition of said matter, receiving the 
varied medium at receiving means from, in turn, groups of 
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detection spots at said matter, whereof each group contains 
a plxurality of said detection spots and provides one of said 
detection zones, with the varied medium from all of the 
detection spots in each group being received substcuitially 
simultaneously, generating detection data for each detection 
zone in dependence upon the variations in said medium at 
the detection zone, and identifying at least one of said 
materials from said data. 

54. A method according to claim 53, wherein said matter 
conprises greuiulates . 

55. Apparatus for automatically inspecting matter 
comprised of differing materials, comprising emitting means 
serving to emit a detection medium to be . active at said 
matter/ receiving means serving to receive detection medium 
varied by variations in the composition of said matter from, 
in turn, groups of detection spots at said matter, whereof 
each group contains a plurality of said detection spots and 
provides one of said detection zones, with the varied medium 
from all of the detection spots in each group being received 
substantially simultaneously, detecting means serving to 
generate detection data in dependence upon the variations 
in said medium at each detection zone, and data -obtaining 
means connected to said detecting means and serving to obtain 
said detection data therefrom and to identify at least one of 
said materials from said data . 

56. Apparatus for automatically inspecting a stream of 
matter, conprising emitting means serving to emit a detection 
medium to be active at said matter. first and second 
receiving means of respective first and second inspection 
arrangements separate from each other and arranged to receive 
from said matter detection medium varied by variations in 
said matter. first and second detecting means of said 
respective first and second inspection arrangements serving 
to receive the varied medium by reflection from the receiving 
means, and to generate detection data in dependence upon the 
variations in said medium, and data-obtaining means connected 
to said first and second detecting means and serving to 
obtain said detection data therefrom. 

44 


wo 00/57160 


PCT/IBO0/OD301 


57. Apparatus according to claim 56, wherein the first and 
second inspection arrangements are disposed side-by-side. 
SB. Apparatus according to claim 56 or 57, wherein said first 
and second inspection arrangements are respective modules, 
59 . A method of automatically inspecting matter, comprising 
emitting a detection medium, which comprises radiation, as a 
scanning beam to irradiate a path over said matter, 
inspecting the irradiated path at an oblique angle to said 
matter, and ascertaining from that inspection the general 
profile of that path. 

60. Apparatus for automatically inspecting matter, 
comprising emitting means serving to emit a detection medium, 
which con^rises radiation, as a scanning beam to irradiate a- 
path over said matter, inspecting means arranged to inspect 
the irradiated path at an oblique angle to said matter, and 
ascertaiixing means arranged to ascertain frcan that inspection 
the general profile of that path. 

61. A method of inspecting matter, coraprising emitting from 
emitting means a detection medium, which cortprises radiation, 
to be active at said matter, said medixim being varied by 
variations in said matter, at least part of the emitted 
medium passing through said matter and the varied medium 
which has passed through said matter being received at 
detecting means, and preventing said detecting means from 
receiving the medium directly from the emitting mesuis . 

62. A method according to claim 61, wherein the detection 
medium is visible light and analysis of a plurality of 
wavelengths in the visible light spectrum is performed 
substantially simultaneously with each other upon the varied 
medium. 

63. Apparatus for inspecting matter, comprising emitting 
means serving to emit a detection , medium, which comprises 
radiation, to be active at said matter, detecting means 
arranged to receive, by passage of the medium through said 
matter, detection medium varied by variations in said matter, 
and shielding means arranged to prevent the detecting means 
from receiving the medium directly from the emitting means. 

64. Apparatus according to claim 63, and further comprising 
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receiving means located between said emitting means and said 
detecting means and through which the varied medium is 
arranged to pass, said receiving mecuis con5>rising a Presnel 
lens . 

65. Apparatus for inspecting a stream of matter, comprising 
emitting means serving to emit a detection medium, which 
conqorises radiation, to be active at said matter, detecting 
means arranged to receive, by passage of the medium through 
said matter, detection medium varied by variations in said 
matter, and receiving means located between said emitting 
means and said detecting means and through which the varied 
medium is arranged to pass, said receiving means comprising 
a Fresnel lens. 
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(57) Abstract: Apparatus for automatically inspecting a stream of matter comprises lamps (38) which emit a detection medium, 
such as IR or visible light, to be active at the matter, a rotary polygonal mirror (19) which receives from a multiplicity of detection 
zones Z at the matter detection medium which has been varied by variations in the matter, an optional detection device (22) which 
receives the varied medium by reflection from the mirror (19), to detect a plurality of wavelengths of the varied medium substan- 
tially simultaneously, and to generate detection data in respect of that plurality of wavelengths substantially simultaneously and in 
dependence upon the variations in the medium, and a microprocessor (26) which obtains the detection data from the device (22). 
The beams B of the varied medium which are received at the device (22) and emanate from the zones Z travel along respective paths 
from the matter to the mirror (19) which paths converge continuously with respect to each other from the matter to the mirror (19). 
Those paths may extend to the mirror (19) indirectly by way of at least one planar mirror (80), or direcdy to the mirror ( 19), in which 
latter case the axis of the mirror (19) would be substantially parallel to the direction D of advance of the matter. 
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objects, with, the objects passing sequentially over a hole up 

;er through which the IR is directed. Again, the infrared 
CD « 

Q ^ reflected is used to sort the objects according to the 

5 /^j;5>j various plastics within the respective objects • 

j^^, WO-A-98/44335 discloses a system for sorting products 

^ consisting of loose parts of very differing natures, such as 

peas, raisins, shrimps, dried or deep-frozen foods^ all types 
of ore or drugs in tablet or capsule form. It is mainly used 
for seperating lower-value parts and foreign objects from the 
10 good parts in a wide stream. The stream moves through a 
detection zone, in order to enable the loose parts to be 
characterised and thus to distinguish between the good parts 
which have essntially no irregularities, and the lower-value 
parts or foreign objects. The apparatus includes two laser 
15 sources generating light of two different frequencies, these 
laser beams being brought together to form a combined laser 
beam by a dichroic mirror and an ordinary mirror. This 
combined beam is directed towards a rotary polygonal mirror 
having its axis of rotation at the axis of its polygon and 
20 extending in the feed direction of the stream. The combined 
beam reflected from the rotary polygonal mirror scans a 
transverse section of the stream and is scattered and/ or 
reflected by the loose parts of the stream. Some of the 
scattered light returns to that face of the polygonal mirror 
25 from which it was reflected as part of the combined beam and, 
via that face is transmitted along approximately the same 
path as the combined beam to a first beam splitter which 
reflects the scattered light via a lens system to a second 
beam splitter. The first beam splitter has a central opening. 
30 which enables the combined beam from the laser sources to 
pass through unimpeded. The second beam splitter separates 
the scattered light into two light bands of different 
frequency which are then received by respective detectors. 
The apparatus includes a background in the form of a tube 
35 extending perpendicularly to the feed direction and scanned 
by the combined beam, the tube having the same 
characteristics as a good part as regards the scattering of 
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the combined beam. The stream is brought to the tube by a 
conveyor belt and downstream of the tube is a compressed air 
device forming a removal system for lower-value parts or 
foreign objects. 
5 US-A-5260576 and US-A-5339962 disclose a method and 

apparatus for distinguishing and separating material items 
having different levels of absorption of penetrating 
electromagnetic radiation by utilising a source of radiation 
for irradiating an irradiation zone extending transversely of 

10 a feed path over which the material items are fed or passed. 
The irradiation zone includes a plurality of transversely 
spaced radiation detectors for receiving the radiation beams 
from the radiation source, the detectors receiving the 
radiation substantially on a direct line from the source. The 

15 material items pass through the irradiation zone between the 
radiation source and the detectors and the detectors measure 
one or more of the transmitted beams in each item passing 
through the irradiation zone to produce processing signals 
which are analysed by signal analysers to produce signals for 

20 actuating a separator device in order to discharge the 
irradiated items toward different locations depending upon 
the level of radiation absorption in each of the items. The 
disclosure states that mixtures containing . metals, plastics, 
textiles, paper and/or other such waste materials can be 

25 separated since penetrating electromagnetic radiation 
typically passes through the items of different materials to 
differing degrees, examples given being the separation of 
aluminium beverage cans from mixtures containing such cans 
and plastic containers and the separation of chlorinated 

30 plastics from a municipal solid waste mixture. The source of 
penetrating radiation may be an X-ray source, a microwave 
source, a radioactive substance which emits gamma rays, or a 
source of UV energy, IR energy or visible light. One example 
of material items which are disclosed as having been 

35 successfully separated are recyclable plastic containers, 
such as polyester containers and polyvinyl chloride PVC) 
containers, which were separated using X-rays. WO-A-95/03139 
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ahead of IR detectors dedicated to respective wavelengths, to 
date output of which is utilised in controlling air jet 
nozzles which separate-out desired portions of the stream. In 
other versions/ a row of light sources distributed across the 
overall width of one or more belt conveyors may cause desired 
portions of the stream at detection points distributed in an 
arc across the stream to reflect light diffusely onto a 
part -toroidal mirror extending over that overall width, 
whence the light is reflected, by a rotating, polygonal 
mirror through optical filters dedicated to differing IR 
wavelengths, onto detectors the data output of which is 
utilised in controlling solenoid valves operating air jet 
nozzles which separate-out the desired portions. 
Alternatively or additionally, an oscillator and an antenna 
which extends over that overall width generate an 
electromagnetic field through the belt and sensing coils 
sense variations therein produced by metallic portions of the 
stream passing through the detection station and the 
detection data produced by the sensing coils is used to 
control the solenoid valves operating the nozzles to 
separate-out the metallic portions. In a further version, the 
rotating, polygonal mirrors are retained and the part- 
toroidal mirror may be replaced by a mirror comprised of a 
series of facets or very small mirrors in a horizontal row 
transverse to the stream, which in this version is a laminate 
comprised of paperboard onto which a polymer has been 
extruded. The detection points are arranged in a straight row 
across the laminate. 

DE-A-3242447 discloses a system for the surface 
inspection of a textile line, the apparatus including several 
linear fluorescent tubes parallel to one another and which 
from varying angles illuminate scanning tracks of several 
optical scanning devices. The scanning tracks compliment one 
another to cover the full scanning width of the textile line. 
In order to avoid scanning gaps which arise where several 
optical scanning devices are provided side-by-side in series, 
a very particularly preferred embodiment has two rows of 
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optiical scanning devices, with the devices of one row being 
Offset in relation to the devices of the other row in such a 
manner that scanning gaps among the devices of the one row 
fall within the scanning ranges of the devices of the other 
5 row. The system is particularly applicable to a coated 
textile line in which the ' coating has had added to it a 
brightener which is excited by UV light to emit light which 
mostly lies in a part of the visible light spectrum. Each 
optical scanning device includes a detecting device comprised 

10 of an ' optical filter arrangement disposed before a 
photoconverter, the optical filter arrangement serving to 
limit the sensitivity of the photoconverter to the light 
wavelength band emitted by the brightener » Each optical 
scanning device further includes a rotary polygonal mirror 

15 having its axis of rotation at the axis of its polygon and 
extending in the feed direction of the textile line. Light 
emitted by the brightener passes by way of a lens system of 
the optical scanning device to the rotary polygonal mirror 
which reflects it onto the optical filter arrangement of the 

20 detecting device. 

ap-A-ll-ie33 99 describes a surface-flaw inspection 
device equipped with multiple camera units arranged one after 
another widthwise of matter to be inspected, in the form of 
a zinc-alloy-plated steel plate. Each camera unit 

25 incorporates at least two light-receiving cameras which 
observe the plate under differing optical conditions! The 
device also includes a processing section which determines 
the presence or absence of a surface flaw at each position in 
the width direction of the plate, based on the observation 
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imedium which has been varied by variations in said matter, a 
plurality of detecting means serving to receive the varied 
medium by reflection from the mirror, to detect respective 
wavelengths of said varied medium substantially 
5 simultaneously, and to generate detection data in respect of 
said wavelengths substantially simultaneously and in 
dependence upon the variations in said medium, and 
data-obtaining means connected to said detecting means and 
serving to obtain said detection data therefrom, the 

10 arrangement being- such that the beams of the varied medium 
which are received at said detecting means and emanate from 
the respective detection zones travel along respective paths 
from said matter to said mirror which paths converge 
continuously with respect to each other from said matter to 

15 said mirror and do not substantially co-incide with any 
significant part of the path of the emitted detection medium 
from the emitting means to the matter* 

According to a second aspect of the present invention, 
there is provided a method of automatically inspecting 

20 matter, comprising emitting from emitting means a detection 
medivim, which comprises electromagnetic radiation, to be 
active at said matter, said medium being varied by variations 
in said matter, receiving the varied medium from a 
multiplicity of detection zones at said matter at receiving 

25 means in the form of a rotary polygonal mirror, reflecting 
the varied medium from the mirror to detecting means, 
detecting at said detecting means a plurality of discrete 
wavelengths of said varied medium substantially 
simultaneously, and generating detection data from said 

30 detecting means in respect of said plurality of wavelengths 
substantially simultaneously and in dependence upon the 
variations in said medium, the beams of the varied medium 
which are received at said detecting means and emanate from 
the respective detection zones travelling along respective 

35 paths from said matter to said mirror which paths converge 
continuously with respect to each other from said matter to 
said mirror and do not substantially co-incide with any 
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significant part of the path of the emitted detection medium 
from the emitting means to the matter. 

According to a third aspect of the present invention, 
there is provided apparatus for automatically inspecting 
5 matter, comprising emitting means serving to emit a detection 
medium, which comprises electromagnetic radiation, to be 
active at said matter, a rotary polygonal mirror arranged to 
receive directly from said matter detection medium varied by 
variations in said matter, detecting means seorving to receive 

10 the varied medium by reflection from the rotary polygonal 
mirror, to detect a plurality of wavelengths of said varied 
medium substantially simultaneously, and to generate 
detection data in respect of said plurality of wavelengths 
substantially simultaneously and in dependence upon the 

15 variations in said medium, and data-obtaining means 
connected to said detecting means and serving to obtain said 
detection data therefrom, the arrangement being such that 
the path of the varied medium from the matter to the mirror 
does not substantially co-incide with any significant part of 

20 the path of the emitted detection medium from the emitting 
means to the matter. 

According to a fourth aspect of the present invention, 
there is provided apparatus for automatically inspecting 
matter, comprising emitting means serving to emit a detection 

25 medium, which comprises electromagnetic radiation, to be 
active at said matter, a rotary polygonal mirror arranged to 
receive from a multiplicity of detection zones at said matter 
detection medium varied by variations in said matter, at 
least one folding mirror by way of which said rotary 

30 polygonal mirror receives the varied medium, detecting means 
serving to receive the varied medium by reflection from the 
rotary polygonal mirror, to detect a plurality of wavelengths 
of said varied medium substantially simultaneously, and to 
generate detection data in respect of said plurality of 

35 wavelengths substantially simultaneously and in dependence 
upon the variations in said medium, and data-obtaining means 
connected to said detecting means and serving to obtain said 
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detection data therefrom, the or each folding mirror being 
arranged to reflect varied medium from at least some of said 
multiplicity of detection zones. 

Owing to these four aspects of the present invention, it 
is possible to simplify and thus reduce the cost of the 
apparatus compared with a known apparatus in which the varied 
medium is received at the rotary polygonal mirror by way of 
a mirror of a character which is complicated and expensive to 
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upon the variations in said medium, and data-obtaining means 
connected to said first and second detecting means and 
serving to obtain said detection data therefrom^ the 
apparatus being such that the inspection paths of the 
5 respective inspection arrangements are substantially aligned 
with each other transversely of the stream to form a 
substantially continuous inspection path. 

Owing to this aspect of the invention it is possible to 
increase the matter width capable of being inspected and/or 

10 to improve the resolution of the inspection of the same 
matter width, in that the inspection arrangements may inspect 
respective parts of the width of the matter or may each 
inspect substantially the whole width of the matter. 
Advantageously, the inspection path of each arrangement is 

15 substantially rectilinear and sxibstantially perpendicularly 
transverse to the matter and, very preferably, the inspection 
paths are substantially co-incident where they overlap or are 
directly end-to-end if they do not overlap. It is especially 
desirable that the inspection arrangements should either 

20 commence respective widthwise scans from a common location or 
terminate respective widthwise scans at a common location. 
The inspection arrangements may take the form of respective 
modules arranged side-by-side with each other. 

According to a twelfth aspect of the present invention, 

25 there is provided a method of automatically inspecting 
matter, comprising emitting a detection medium, which 
comprises radiation, as a scanning beam to irradiate a path 
over said, matter, inspecting the irradiated path at an 
oblique angle to said matter, and ascertaining from that 

30 inspection the general profile of that path. 

According to a thirteenth aspect of the present invention, 
there is provided apparatus for automatically inspecting 
matter, comprising emitting means serving to emit a detection 
medium, which comprises radiation, as a scanning beam to 

35 irradiate a path over said matter, inspecting means arranged 
to inspect the irradiated path at an oblique angle to said 
matter, and ascertaining means arranged to ascertain from 
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that inspection the general profile of that path. 

Owing to these two aspects of the present Invention, It 
is possible, in a simple manner and with relatively low 
energy consumption, to ascertain the general profile of the 
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1, Apparatus for automatically inspecting matter, comprising 
emitting means serving to emit a detection medium, which 
5 comprises electromagnetic radiation, to be active at said 
matter, receiving means in the form of a rotary polygonal 
mirror arranged to receive from a multiplicity of detection 
zones at said matter detection medium which has been varied 
by variations in said matter, a plurality of detecting means 

10 serving to receive the varied medium by reflection from the 
mirror, to detect respective wavelengths of said varied 
medium substantially simultaneously, and to generate 
detection data in respect of said wavelengths substantially 
simultaneously and in dependence upon the variations in said 

15 medium, and data-obtaining means connected to said detecting 
means and serving to obtain said detection data therefrom, 
the arrangement being ^ such that the beams of the varied 
medium which are received at said detecting means and emanate 
from the respective detection sones travel along respective 

20 paths from said matter to said mirror which paths converge 
continuously with respect to each other from said matter to 
said mirror and do not substantially co-incide with any 
significant part of the path of the emitted detection medium 
from the emitting means to the matter. 

25 2. Apparatus according to claim 1, wherein said mirror is 
arranged to receive the varied medium directly from said 
matter. 

3. Apparatus according to claim 1, and further comprising at 
least one planar mirror by way of which said beams travel 

30 from said matter to said rotary polygonal mirror, 

4 . Apparatus according to any preceding claim, wherein said 
emitting means is arranged to emit said medium in the form of 
a scanning beam which scans said detection zones « 

5. Apparatus according to any one of claimis 1 to 3, wherein 
35 said emitting means emits said medium in the form of a 

plurality of scanning beams which are co-extensive with each 
other and which scan said detection zones. 

6. Apparatus according to any preceding claim, wherein said 
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detecting means comprises a plurality of detectors arranged 
to receive substantially simultaneously with each other the 
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emitting from emitting means a detection medium, wlnich 
comprises electromagnetic radiation, to be active at said 
matter, said medium being varied by variations in said 
matter, receiving the varied medium from a multiplicity of 
5 detection zones at said matter at receiving means in the form 
of a rotary polygonal mirror^ reflecting the varied medium 
from the mirror to a plurality of detecting means/ detecting 
at said detecting means a plurality of discrete wavelengths 
of said varied medium substantially simultaneously, and 

10 generating detection data from said detecting means in 
respect of said plurality of discrete wavelengths 
substantially simultaneously and in dependence upon the 
variations in said medium, the beams of the varied medium 
which are received at said detecting means and emanate from 

15 the respective detection zones travelling along respective 
paths from said matter to said mirror which paths converge 
continuously with respect to each other from said matter to 
said mirror and do not substantially co-incide with any 
significant part of the path of the emitted detection medium 

20 from the emitting means to the matter. 

22. A method according to claim 21, wherein said beams travel 
directly from said matter to said mirror. 

23. A method according to claim 21 or 22, wherein said medium 
is emitted in the form of a scanning beam which scans said 

25 detection zones. 

24* A method according to claim 21 or 22, wherein * said, medium 
is emitted in the form of a plurality of scanning beams which 
are substantially co-extensive with each other and which scan 
said detection zones. 

30 25. A method according to any one of claims 21 to 24, wherein 
each detection zone is in the form of a group of detection 
spots, and wherein the varied medium from all of the 
detection spots in each group is received substantially 
simultaneously at said rotary polygonal mirror. 

35 26. A method according to claim 25, wherein said matter 
comprises granulates. 

27. A m thod according to any one of claims 21 to 2 6, wherein 
said matter comprises individual, objects, said detection data 
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Is employed -to identiify variations in titie composinion o£ said 
matiter, a camex-a is utiilised no detect: spatial 
characteristics of said objects/ and further detection data 
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medium substantially simultaneously, and to generate 
detection data in respect of said plurality of wavelengths 
substantially simultaneously and in dependence upon tbe 
variations in said medium, and data-obtaining means 
5 connected to said detecting means and serving to obtain said 
detection data therefrom, the arrangement being such that 
the path of the varied medium from the matter to the mirror 
does not substantially co-incide with any significant part of 
the path of the emitted detection medium from the emitting 

10 means to the matter. 

37, Apparatus according to claim 36, and • further comprising 
a detection station which comprises the rotary polygonal 
mirror and the detecting means and through which said matter 
advances in a feed direction, the mirror having its axis of 

15 rotation at substantially the axis of its polygon and 
extending in said feed direction, 

38* Apparatus for automatically inspecting matter, comprising 
emitting means serving to emit a detection medium, which 
comprises electromagnetic radiation, to be active at said 

20 matter, a rotary polygonal mirror arranged to receive from a 
multiplicity of detection zones at said matter detection 
medixim varied by variations in said matter, at least one 
folding mirror by way of which said rotary polygonal mirror 
receives the varied medium, detecting means serving to 

25 receive the varied medium by reflection from the rotary 
polygonal mirror, to detect a plurality of wavelengths of 
said varied medium substantially simultaneously, and to 
generate detection data in respect of said plurality of 
wavelengths substantially simultaneously and in dependence 

30 upon the variations in said medium, and data-obtaining means 
connected to said detecting means and serving to obtain said 
detection data therefrom, the or each folding mirror being 
arranged to reflect varied medium from at least some of said 
multiplicity of detection zones, 

35 39. A method of automatically inspecting matter comprised of 
differing materials, comprising emitting a beam of detection 
mediiim so that said beam scans said matter, said medium being 
varied by variations in the composition of said matter, 
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receiving the varied medium at detecting means, generating 
detection data from said detecting means in dependence upon 
the variations in said medium, and identifying at least one 
of said materials from said data. 
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detection spots at said matter, whereof each group contains 
a plurality of said detection spots 5tnd provides on^ of said 
detection zones, with the varied medium from all of the 
detection spots in each group being received substantially 
5 simultaneously/ generating detection data for each detection 
zone in dependence upon the variations in said medium at 
the detection zone, and identifying at least one of said 
materials from said data. 

54. A method according to claim 53/ wherein said matter 

10 comprises granulates. 

55 • Apparatus for automatically inspecting matter 
comprised of differing materials, comprising emitting means 
serving to emit a detection medium to be active at said 
matter, receiving means serving to receive detection medixim 

15 varied by variations in the composition of said matter from, 
in turn, groups of detection spots at said matter, whereof 
each group contains a plurality of said detection spots and 
provides one of said detection zones, with the varied medium 
from all of the detection spots in each group being received 

20 substantially simultaneously, detecting means serving to 
generate detection data in dependence upon the variations 
in said medium at each detection zone, and data-obtaining 
means connected to said detecting means and serving to obtain 
said detection data therefrom and to identify at least one of 

25 said materials from said data. 

56. Apparatus for automatically inspecting a stream of 
matter, comprising emitting means serving to emit a detection 
medium to be active at said matter, first and second 
receiving means of respective first and second inspection 

30 arrangements separate from each other and arranged to receive 
from said matter detection medium varied by variations in 
said matter, first and second detecting means of said 
respective first and second inspection arrangements serving 
to receive the varied medium by reflection from the receiving 

35 means, and to generate detection data in dependence upon the 
variations in said medium, and data-obtaining means connected 
to . said first and second detecting means and serving to 
obtain said detection data therefrom, the apparatus being 
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such that the inspection paths of the respective inspection 
arrangements are substantially aligned with each other 
transversely of the stream to form a substantially continuous 
inspection path. 
5 57. Apparatus according to claim 56, wherein the first and 
second inspection arrangements are disposed side-by-side, 
58. Apparatus according to claim 56 or 57, wherein said 
inspection paths of the respective inspection arrangements 
substantially co-incide at least partly with each other. 

10 59. A method of automatically inspecting matter, comprising 
emitting a detection medium, which comprises radiation, as a 
scanning beam to irradiate a path over said matter, 
inspecting the irradiated path at an oblique angle to said 
matter, and ascertaining from that inspection the general 

15 profile of that path. 

60 . Apparatus for automatically inspecting matter, 
comprising emitting means serving to emit a detection medium, 
which comprises radiation, as a scanning beam to irradiate a 
path over said matter, inspecting means arranged to inspect 

20 the irradiated path at an oblicjue angle to said matter, and 
ascertaining means arranged to ascertain from that inspection 
the general profile of that path- 

61* A method of inspecting matter, comprising emitting from 
emitting means a detection medium, which comprises radiation, 
25 to be active at said matter, said medium being varied by 
variations in said matter, at least part of the emitted 
medium passing through said matter and the varied medium 
which has passed through said matter being received at 
detecting means, and preventing said detecting means from 

30 receiving the medium directly from the emitting means. 

62* A method according to claim 61, wherein the detection 
medium is visible light and analysis of a plurality of 
wavelengths in the visible light spectrum is performed 
substantially simultaneously with each other upon the varied 

35 medium. 

63. Apparatus for inspecting matter, comprising emitting 
means serving to emit a detection medium, which comprises 
radiation, to be active at said matter, detecting means 
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arranged to receive/ by passage of the medium through said 
matter, detection medium varied by variations in said inatter/ 
and shielding means arranged to prevent the detecting means 
from receiving the medium directly from the emitting means. 

64. Apparatus according to claim 63, and further comprising 
receiving means located between said emitting means and said 
detecting means and through which the varied medium is 
arranged to pass, said receiving means comprising a Fresnel 
lens . 

65. Apparatus for inspecting a stream of matter, comprising 
emitting means serving to emit a detection medium, which 
comprises radiation, to be active at said matter, detecting 
means arranged to receive, by passage of the medium through 
said matter, detection medium varied by variations in said 
matter, and receiving means located between said emitting 
means and said detecting means euid through which the varied 
medium is arranged to pass, said receiving means comprising 
a Fresnel lens. 
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Dear Sirs 

Re: INTERlgATIONAXi PATZIilT APFI.ICATIQN PCT/lBOO/00301 BY 
TIEDEMMiNS" JOH . H. AWDRESEH ANS TRADIHG AS T I TECH AUTOSORT 

With reference to the Written Opinion of the 29th Noveint)er 
2000, I am grateful for the one month extension of time 
granted . in the official Communication of the 8th March 2001. 

I file herewith new pages 5, 5a, 7, 7a, 12, 13, 13a, 18, 18a, 
36, 36a, 39, 39a, 41, 41a, 44, 45 and 46 to replace pages 5, 
7, 12,. 13,. 18, 36, 39, 41, 44, 45 and 46 presently on file. I 
also attach photocopies of the latter pages showing in 
handwriting the amendments made thereto. 

Referring to the objections raised in the Written Opinion :- 
ITEM V 

3. The system disclosed in the document Dl (WO-A-98/44335 ) 
has the disadvantage that a significant part of the path 
2 of the light from the light sources 1' and 1'' to the 
stream of parts 7 to be inspected is the same as the path 
of the reflected light to the detectors 12 and 13. Thus, 
the system will to a large degree receive directly 
reflected light since the scanning inspection by the 
rotary polygonal mirror 4 takes place along the same path 
as the scanning light beam reflected from the mirror 4. 
In many circumstances in which automatic inspection of 
matter is performed, this is not acceptable, since the 
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detectors would tend to be saturated by the directly 
reflected light, depending upon the reflective properties 
of the matter being inspected, so that the detectors 
would lose their sensitivity. I have therefore amended 
claim 1 and the corresponding Statement of Invention to 
make it clear that the paths of the beams of the varied 
medium travel from the matter to the mirror do not 
substantially co-inci'de with any significant part of the 
path of the emitted detection medium from the emitting 
means to the matter. 

I have a similar comment in respect of claim 21. 

In the . version of Figure 5 of document D2 (WO-A- 
96/0,668 9) , the beams of the varied medium travel along 
parallel paths from the matter to the part-toroidal 
mirror 107 and then converge towards each other from the 
mirror 107 to the rotary polygonal mirror 108. This can 
be more clearly seen in Figure 2 of D2 . The equivalent 
folding mirrors" mentioned at line 22 of page 20 of D2 as 
being an alternative to the mirror 107 would, of course, 
also have the varied medium beam paths extending 
parallelly to each other from the matter to' the 
equivalent folding mirrors, whence the paths would 
converge towards the rotary polygonal mirror 108 (such an 
equivalent is shown in Figure 11 of D2) . 

Thus, claims 1 and 21 are distinguished from D2 in 
specifying that these paths converge continuously with 
respect to each other from the matter to the mirror. 

In the system of D3 (DE-A-3242447) there is a single 
detecting device consisting, in effect, of two filters 27 
and 2 9 and a photoconverter 13, which detects light in 
the wavelength band of approximately 400. to 600nm, 
However, in the invention of claims 1 and 21 a plurality 
of wavelengths (in practice, a plurality of wavelength 
bands, as mentioned at, for example, lines 7 to 13 of 
page 22 of the present Specification) are detected. To 
bring out this feature more clearly in the claims, X have 
amended the apparatus claim 1 to make it clear that there 
is a plurality of detecting means which detect respective 
wavelengths of the varied medium and have amended the 
method claim 21 in a somewhat parallel manner to make it 


clear that discrete wavelengths (in practice discrete 
bands) are detected. The system of D3 has the 
disadvantage of being highly specific as to the matter 
which it can be used to inspect, whereas the present 
system is usable to inspect a wide variety of differing 
matters. 

6. I have amended claim 36 and the corresponding Statement 
of Invention in the same manner as claim 1 and have 
corresponding comments to those made above in respect of 
claim 1 . 

7. Claims 2 and 22 are patentable through their appendancy 
to claims 1 and 21. 

8. Claims 20 and 35 are patentable through their appendancy 
to claims 1 and 21. 

9. Claim 37 is patentable through its appendancy to claim 
36 - 

ITEM VII 

1. I have added Dl and D3 to the discussion of the prior art 
in the Specification. 

I attach an acknowledgement of receipt form. 
Yours faithfully 
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